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CHAPTER 1 
INTRODUCTION 
CHAPTER 1 
INTRODUCTION 
Alliums, with their characteristic odour and taste, belong to a small 
group of herbs that usually regenerate through bulbs. The group belongs to 
family Alliaceae (Hanelt, 1990) and includes about 500 species, including 
twenty seven from India. Of these. Allium cepa L. (onion). Allium sativum 
L. (garlic) and Allium porrum L. (leek) are well known for their culinary 
uses and medicinal properties (Anonymous, 1948; Jones and Mann, 1963; 
Kirtikar and Basu, 1987; Brewster, 1994; Chevallier, 1996). Their medicinal 
uses are briefly described below crop-wise. 
Onion is long known to be analgesic, antibiotic, anti-inflammator)-. 
antirheumatic, diuretic, and expectorant. Garlic is considered to be 
antibiotic, anticancerous, antidiabetic, antimalarial and antirheumatic. Leek 
hastens suppuration of boils. It is also regarded as stimulating expectorant, 
dissolving agent for calculus formations in bladder, diuretic and emollient 
(Dastur, 1962; Jones and Mann, 1963;Chiej, 1984; Kiritkar and Basu, 1987; 
Brewster, 1994). 
Interestingly, Block (1985) and Chevallier (1996) mention a 
spectacular use of onion, and more notably garlic, against blood clotting 
that could lead to arterial blockage. They claim its efficacy to match that of 
aspirin in preventing coronary heart disease. 
A perusal of recent data reveals that China, with its 421 thousand 
hectares under onion and 580 thousand, under garlic - total about one 
million hectares - tops the list of allium-growing countries. Next comes 
India, with about 500 thousand hectares under onion and garlic (FAO. 1998) 
which is 0.35% of the net arable land (Anonymous, 1999). Of the total 
acreage, about 400 thousand hectares are under onion and 100 thousand. 
under garlic. The productivity of alliums in India is, however, much lower 
than that in several other countries. For example, onion yield is a meagre 
10.60 t/ha in comparison with the yields reported from South Korea - 60.75, 
Japan - 46.69,United States - 44.42 and China - 22.06 t/ha, the world average 
being 16.54 t/ha. Garlic, with its 4.30 t/ha yield, also stands nowhere near 
the productivity figures reported from Egypt - 22.65, Lebanon - 19.13, 
Armenia - 19.33, Sudan - 17.93, Israel - 14.72 and China - 14.22 t/ha, the 
world average being 10.81 t/ha (FAO, 1998). Commercial cultivation of leek 
in India is not worth mentioning. 
There are several reasons for the low average productivity of these 
crops in India. A majority of farmers has small holdings of less than two 
hectares. Poor irrigational facilities and frequent unfavourable weather 
conditions (excessive rains/drought) bring down average productivity 
considerably. Compared with other crops, huge fluctuations in price from 
season to season also dampen the enthusiasm of the farmer with regard to 
their regular cultivation. Other contributing factors are : high susceptibility 
to pests and diseases and poor knowledge of post-harvest technology as well 
as lack of proper storage and processing facilities. Unfortunately, the plant 
breeders have been more committed for decades to the breeding of 
improved cereals (and lately of oilseeds) because of the demands of the 
"Green (and Yellow) Revolution". As such, little attention has been paid to 
the improvement of several other important crops, including onion and 
garlic. This neglect has contributed to the stagnation in production which is 
often insufficient for the consumption of the ever-growing population. At 
times, crop failure results in such a shortage that the Government of India is 
compelled to allow imports. For example, 13,000 t onion was imported as 
recently as October, 1998 (Anonymous, 1998). 
Like other vegetable crops, alliums also require large amount of 
fertilisers, which the majority of Indian farmers can ill afford. Further, much 
of the basally applied dose of fertilisers is known to be rendered unavailable 
to plants during the later part of their life span due to many factors, 
including decomposition, fixation, leaching and volatilisation. For example, 
about 50% of the soil-applied nitrogen (Anonymous, 1971) and up to 70% 
of phosphorus (Russell, 1950) is lost due to one or the other of these 
factors. To economise on nutrient input and to ensure their efficient 
utilisation, split application, partly at the time of sowing/transplantation and 
partly as supplemental top-dressing or foliar spray, is recommended. Several 
studies conducted at Aligarh and elsewhere have also proved the technique 
to be cost-effective for various crops (Wittwer and Bukovac, 1969; De, 
1971; Afridi and Wasiuddin, 1979; Mohammad et al, 1987; Kannan, 1990; 
Patnaik, 1992). 
The present author selected the common alliums for research in 
view of their age-old multipurpose usefulness in general and the newly 
discovered efficacy in coronary disorders in particular. To start with, he 
framed the following hypotheses and planned 13 field trials to test them. 
(i) It was hypothesised that the productivity of alliums will be increased 
by the use of the technique of supplemental foliar spray of nitrogen 
and phosphorus as has been repeatedly experienced at Aligarh and 
elsewhere for other crops. 
(ii) It was also expected that the yield of alliums will be augmented further 
by adding sulphur to the nitrogen- and phosphorus-containing spray as 
established earlier by the present author for mustard - another 
sulphur-rich crop. 
(iii) Further, if hypotheses Nos. (i) and (ii) above were confirmed through 
the planned field trials, it was expected that the less expensive 
commercial grade fertilisers could replace the traditionally used 
costly laboratory grade chemicals in the supplemental foliar spray 
particularly of phosphorus and sulphur, making the technique more 
cost-effective and, therefore, readily acceptable to the farmer. 
To test these hypotheses, the following objectives were kept in 
mind while planning the extended field trials : 
(i) To select one (or more) variety of onion suited best to the conditions 
obtaining locally. 
(ii) To establish the optimum dose of soil-applied nitrogen, phosphorus 
and potassium for onion, garlic and leek. 
(iii) To confirm the data of (i) and (ii) above in subsequent experiments, 
narrowing the range of the selected nutrient combinations to pin-point 
the optimum dose for each crop. 
(iv) To test simultaneously with (iii) above if supplemental foliar spray of 
nitrogen and/or phosphorus could augment growth and yield of the 
selected alliums. 
(v) To test if inclusion of sulphur in the foliar spray containing nitrogen 
and/or phosphorus could maximise yields of these alliums. 
(vi) Lastly, to test the cost-effectiveness of the "foliar-feeding" technique 
by comparing the efficacy of the conventional sources of the sprayed 
nutrients with commercial grade fertilisers. 
The details of the 13 field trials planned with these objectives in 
mind are given in Chapter 3 (pp. 51-57). 
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CHAPTER 2 
REVIEW OF LITERATURE 
This chapter contains the general information regarding alliums and 
various aspects of mineral nutrition, including response of common alliums 
to exogenous application of nitrogen, phosphorus, potassium and sulphur. 
2.1 Alliums 
These are low growing perennials having a characteristic smell and 
taste. They have rhizomes, roots and, in particular, bulbs as storage organs. 
The foliage leaves are attached to an underground stem and may have long 
sheathing bases which can give the appearance of a stem. The 'scape' is 
devoid of leaves except for the single spathe that encloses the young 
inflorescence that is an umbel. Flowers have six perianth segments (tepals) 
of varied colour arranged like the perianth. Stamens are six in number and 
arranged in two whorls of three each. There are three fused carpels, with 
ovary being superior and trilocular. The seeds have a thick black coat. The 
genus Allium includes more than 500 species (Brewster, 1994). Twenty 
seven species are reported from India, of which Allium cepa L. (onion). 
Allium sativum L. (garhc) and Allium porrum L. (leek) are well known 
(Anonymous, 1948). 
Onion is a bulbous, biennial herb, bearing linear, hollow, fleshy, 
cylindrical leaves which vary in greeimess, length and erectness from variety 
to variety. The underground bulbs, made up of foliage leaf bases and swollen, 
bladeless iimer sheaths, vary in size, colour (white, yellow, red, brown), 
shape (round, flat, conical), firmness, keeping quality, period of maturity 
and strength of flavour. The inflorescence, when present, varies in its 
fertility, the flower number in the globular umbel, tepal and anther colour 
and the presence or absence of bulbils. Stamens are longer than parianth. 
Flowers are greenish white and mature into 3-celled capsular fruits 
containing small, black seeds from which the crop is raised (Anonymous, 
1948; Brewster, 1994). 
Garlic is a hardy perennial with narrow, flat leaves which vary from 
each other in size and vigour according to the variety. It bears a bulb which, 
consists of several swollen, bladeless sheaths called 'cloves' which, like 
leaves, differ not only in size but in number also. The bulbs differ in weight 
and number as well as colour of outer skin (white or pinkish). In contrast to 
onion, the foliage leaf bases do not contribute in bulb formation. The plant 
bears inflorescences of varying extent and produces white flowers and 
bulbils. Three filaments of the inner whorl of stamens are cuspidate. Garlic 
has a stronger flavour than onion and its other allies. Garlic is generally 
regarded as a sterile species which is propagated only vegetatively by the 
multiplication of planted clones. However, some fertile, seed producing 
clones have been collected in the Tien Shan mountains in Kirgizia and 
western China (Anonymous, 1948; Etoh, 1986; Brewster, 1994). 
Leek is a tall hardy biennial with broad flat leaves. The plant 
resembles the green onion, but is much larger in size. The concentric 
ensheathing leaf bases form long slender edible 'pseudo-stems'. The flowers 
have light purple perianth and are produced in globose umbels. Leek does 
not normally set bulb. It is raised from seeds (Anonymous, 1948; Chauhan, 
1968; Brewster, 1994). 
2.1.1 Classification 
The germs Allium is placed in the Lily family (Liliaceae) by some 
authors and in the Amaryllis family (Amaryllidaceae) by others. Allium 
resembles the lilies, e.g. Tulipa, in that its ovary is free and above the 
attachment of the other flower parts. Its resemblance with amaryllids, e.g. 
Narcissus, is in its umbellate inflorescence surrounded by a spathe. Its 
relationship to the latter group is becoming more generally accepted, but 
information on many points, besides the arrangement of flower-parts and 
inflorescence, is needed to confirm this position. Hanelt (1990) has 
recently reviewed and summarised its classification wherein it occupies the 
following taxonomic position: 
Class 
Superorder 
Order 
Family 
Tribe 
Genus 
Monocotyledons 
Liliiflorae 
Asparagales 
Alliaceae 
Alliae 
Allium 
2.1.2 Origin and distribution 
Most of the important allium crops are thought to have originated 
in the region of greatest species diversity that ranges from Turkey eastwards 
into the mountains of central Asia, through north Iran, Afghanistan and 
Pakistan, Tajikistan, the Tien Shan mountains of Kirgizia and northeast 
China, into the mountains of Mongolia and southern Siberia. Onion and 
garlic are believed to have originated in the central Asian mountain regions 
(Brewster, 1994; Chevallier, 1996), while the origin of leek has been traced 
to Mediterranean region (Thompson and Kelly, 1983). 
The alliums are distributed widely throughout the temperate, warm 
temperate and boreal zones of the northern hemisphere. In tropical areas, 
they are confined to mountain areas (Brewster, 1994). As far as onion and 
garlic are concerned, they are grown world wide. Leek is chiefly grown in 
Europe and the Mediterranean region (Thompson and Kelly, 1983; Brewster, 
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1994). In India, onion is grown throughout the country. It is chiefly grown in 
Andhra Pradesh, Assam, Bihar, Maharashtra and Tamil Nadu. Garlic, like 
onion, is also grown all over India. The main garlic producing areas are 
Andhra Pradesh, Gujarat, Madhya Pradesh, Maharashtra, Orissa, Tamil Nadu 
and Uttar Pradesh (Chauhan, 1968; Pawar and Patil, 1989). Leek thrives well 
in India (and Sri Lanka) at higher altitudes though not in moist localities. It 
is cultivated extensively in India (Anonymous, 1948; Chauhan, 1968; 
Kirtikar and Basu, 1987). 
2.1.3 Cultivation 
The important features of the cultivation of the three Allium crops 
in India are given below. 
2.1.3.1 Onion 
It is grown both as a field crop and in kitchen gardens. It can be 
grown as a catch crop in the midst of crops, like sugarcane and turnip and 
can be rotated with rice, coriander and garlic. It can be cultivated under a 
wide range of climatic conditions (even at an altitude of 1,500 to 2,100 m), 
but mild season with short days is best suited for its yield (Anonymous, 
1948; Chauhan, 1968). 
Though it can be grown on various soils, rich sandy loam soil is 
most suitable as it allows proper expansion of the bulbs. Thorough ploughing 
before planting gives a good yield (Anonymous, 1948). 
The crop can be grown at any time of the year, however, sowing 
time varies from region to region. In north India, it is sown during August-
November in the plains and February-June in the hills. In south India, 
particularly in Andhra Pradesh and Tamil Nadu,the crop is grown twice, viz. 
June to October and October to January. Even a third crop during January to 
June,^ is also raised at some places of this region (Anonymous, 1948; 
Chauhan, 1968). 
The crop can be grown from seeds directly or by transplanting. 
However, transplanting gives better results. In direct sowing, about 15 kg/ha 
seeds are sown by broadcasting or in shallow drills. For transplanting, about 
10 kg seeds can raise sufficient seedlings for a hectare. One twentieth land 
is enough as nursery for obtaining enough seedlings to be sown in a hectare. 
The nursery beds are raised 10 cm above the ground level and are manured 
well 10 d before sowing. Top-dressing with ash is also recommended. 
Nursery beds are irrigated as and when required. When seedlings are 6-8 
weeks old they are ready to be transplanted. A crop transplanted early gives 
a higher yield, but the bolters may also be high. The plant density is 
generally kept from 50 to 100 plants/sq m. A rather wide spacing (20-40 
plants/sq m) is maintained if large bulbs are required. The layout of ridges 
and furrows for irrigation or limitations of soil fertility or presence of fast 
growing weeds also make closer spacing unsuitable (Anonymous, 1948; 
Chauhan, 1968; Randhawa, 1992; Brewster, 1994). 
In certain places, where seedlings are liable to be lashed or even 
swept away by rains, the crop is raised from small bulbs. For getting an early 
crop also, small bulbs are used to raise the crop. The bulbs are planted at the 
rate of about 1,000 kg/ha. The small bulbs required for planting are produced 
by growing a crop from seeds sown at very high density, i.e. 1000-2000 
plants/sq m (Anonymous, 1948; Chauhan, 1968; Randhawa, 1992; Brewster, 
1994). 
Application of 125 kg N + 26.2 kg P + 83 kg K/ha to the soil 
containing 20 t/ha farmyard manure is recommended. Half of the dose of 
nitrogen and full dose of phosphorus and potassium are given at the time of 
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sowing/transplanting and the remaining half of the nitrogen is given as top-
dressing about one month after sowing/transplanting (Palled et al., 1988; 
Randhawa, 1992). Irrigation and weeding are performed as and when 
required. The last irrigation is given 2-3 d before harvesting for making it 
easy (Chauhan, 1968). 
Onion plants grown for green vegetable are pulled out by hand when 
they are at the edible stage, i.e. about 30 d (and onward) after transplanting. 
When the bulbs are nearly full grown (about 15 d before harvesting), a twist 
and slight beating down of the foliage, without breaking it, assist in the 
swelling of the bulbs. Maturity is indicated by the tops falling over, while 
leaves are still green. Harvesting is performed when 70% top shoots grow 
dry. The bulbs are dug up from the soil. If the season is mild, the harvested 
onions are left in the field for one to two weeks; but in hot season, they are 
removed to shade, for curing. The purpose of curing is to dry the neck of the 
bulb so that it seals and prevents the entry of disease-causing organisms and 
to produce dry well-coloured outer skins that are not split. In areas with 
strong sunshine, the bulbs are protected from direct insolation by covering 
them with leaves while lying outside. After proper curing, the foliage is 
removed. A bulb yield of 25-30 t/ha is obtained (Anonymous, 1948; 
Chauhan, 1968; Randhawa, 1992; Brewster, 1994). 
To get onion seeds, healthy properly-shaped bulbs of medium size 
(2.5 to 3 cm in diameter), weighing about 1,500 kg/ha, are planted in the 
begiiming of cold season (October-November) at a density of 5-10 bulbs/ 
sq m. Sometimes, only the lower half is planted, the upper half being used 
for edible purposes. This ensures strong flowering shoots. An application of 
3 kg P/ha at the time of planting the bulb and 20 kg N/ha one and a half 
month after planting is recommended (Kulkami, 1963; Chauhan, 1968). 
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After about two and a half months of planting the bulbs, flowering 
stalks begin to emerge and within 6 weeks of the formation of the clusters 
of flowers, the seeds ripen. Early flowers produce heavier and more 
vigorous seeds than late flowers. The ripening of seed heads is not uniform 
and thus those heads are cut away in which the seeds are just ready to shatter. 
Three to four cuttings at an interval of one week are enough for harvesting 
the whole field. The harvested heads are allowed to dry further in a well 
ventilated and shady place and are stirred once a day. Fully dried heads are 
threshed by hand and the trash is removed by fanning and screening. On an 
average 300 to 400 kg/ha seeds are obtained (Anonymous, 1948; Kulkarni, 
1963; Chuahan, 1968; Randhawa, 1992). 
2.1.3.2 Garlic 
It grows under a wide range of climatic conditions much the same 
as described above for onion. However, it prefers a moderate climate and 
thus is chiefly grown in autumn. It can be cuhivated well up to an elevation 
of 1,000 to 1,300 m above the sea level. It is grown both as a kitchen garden 
and field crop. In north India, the crop is planted from September to October 
in the plains and from March to April in the hills. In south India, it is rotated 
with 'ragi', chillies, maize, potatoes and beans and is sown from August to 
November. However, it can be planted twice, early in May and in October, in 
certain localities of south India, like the Nilgiris. Although garlic can be 
grown on a variety of soils, a well drained moderately clayey loam soil is 
best suited for its cuhivation (Anonymous, 1948; Chauhan, 1968; Saravanan 
andNambisan, 1994; Selvaraj et al, 1994). 
The same procedures for soil preparation, including addition of 20 
t/ha farmyard manure, are adopted as for onion cultivation. Application of 
100 kg N + 26.2 kg P + 83 kg K/ha is recommended, with nitrogen being 
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given in two equal splits, i.e. half of nitrogen at planting the cloves and the 
remaining half one month after planting. Healthy cloves, free from diseases 
and injuries, are sown at a density of 40-60 cloves/sq m, keeping their 
growing end upwards,in three ways. These include (i) dibbling, (ii) planting 
in furrows and (iii) broadcasting. After sowing, the cloves are covered with 
loose soil and a light irrigation is given to the field. Irrigation and weeding 
are undertaken as and when required. The last irrigation is given 2-3 d before 
harvesting to make it easy without damaging the btilb (Chauhan, i968; 
Randhavva, 1992; Brewster, 1994). 
When the leaves start turning yellowish or brownish and show signs 
of drying up (usually 135 to 165 d after planting the cloves), the crop is 
ready to be harvested. The plants are then pulled out and are tied into small 
bundles which are kept in the field or in the shade for 2-3 d for curing and 
drying so that the bulbs become hard and their keeping quality is improved. 
After curing, the dried stalks are removed and a bulb yield of 6-10 t/ha is 
obtained (Chauhan, 1968; Randhawa, 1992). 
2.1.3.3 Leek 
It is a kitchen garden crop and is grown during the cold season. It 
thrives well at higher altitude, though not in moist localities. It is sown from 
September to November in the plains and from April to May in the hills. It 
flourishes best on moist medium soils which are rich in plant nutrients and 
organic matter. It requires large amount of water during its growth (Chauhan, 
1968; Anonymous, 1994). 
Leek is propagated only from seeds. The seeds may be sown 
directly in rows in the field where the crop is to mature. However, they are 
usually grown by transplantation. For this, the seeds are sown in a nursery 
(as prepared for onion). The seedlings (about 6-8 weeks old) of uniform 
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size are transplanted in the garden. The method of planting is almost the 
same as for onion. Being much larger than onion, the plant density of leek is 
kept comparatively lower than that of onion. They are generally planted at 
30-60 seedlings/sq m. For producing large leeks, a density of 20-25 plants/ 
sq m is maintained. In fact, the general culture of the crop is very much 
similar to that given for onion (pp. 9-10), except that leek plants are 
blanched by banking with the soil. The soil is worked up to the plants 
gradually as they grow, care being taken not to bank up too early as the 
plants decay easily when young. Leeks can be harvested when their diameter 
exceeds 12.5 mm. They are marketed in bunches like green onions 
(Anonymous, 1948; Chauhan, 1968; Thompson and Kelly, 1983; Brewster 
1994). 
2.1.4 Uses 
Edible alliums are important as vegetable. Pre-eminent among them 
in terms of volume grown and trade is the common onion. Garlic is probably 
the second most widely consumed allium. However, leek is consumed on a 
large scale in Europe (Brewster, 1994). The properties and usefulness of 
these crops are given below : 
2.1.4.1 Onion 
It is largely used both in the raw and as mature bulb as an article of 
vegetable, spice and condiment. It is also considered a valuable winter food 
for cattle and poultry (Anonymous, 1948; Chauhan, 1968; Nadkami, 1982; 
Brewster, 1994). 
The bulbs contain albuminoids, bioflavonoids, calcium, inulin 
quercetin, sugar and vitamins A, B and C. A volatile essential oil (0.005%) 
is obtained from the bulb and fresh herb. It has an acrid taste and unpleasant 
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odour. The chief constituent of the crude oil is allyl-propyl disulphide-
C^HjjSj (Anonymous 1948; Nadkami, 1982; Chiej, 1984). 
Onion is said to possess, among other properties, analgesic, 
anthelmintic, anti-bacterial, anti-catarrhal, anti-cholesterolemic, anti-colic, 
anti-dropsical, anti-dysenteric, anti-flatulent, anti-fungal, anti-haemorrhagic, 
anti-inflammatory, anti-malarial, anti-neuralgic, anti-periodic, anti-
rheumatic, anti-sclerotic, anti-scurvy, anti-thermic, aperative, aphrodisiac, 
balsamic, bechic, carminative, corn remover, cosmetic, dechlorurant, 
diuretic, emmenagogue, expectorant, febrifuge, hypoglycaemiant, 
hypotensive, intestinal disinfectant, lithoritriptic, rubefacient, sedative, 
stimulant, stomachic, strangury, thermogenic and tonic properties 
(Anonymous, 1948; Chopra et ai, 1956; Dastur, 1962; Nadkami, 1982; 
Shah, 1982; Chiej, 1984; Kirtikar and Basu, 1987; Husain et al, 1992, 
Chevallier, 1996; Vaidyaratnam, 1996). 
Onion is used in different forms, like raw bulb : (i) mixed with 
black peppers, cow's ghee, cumin, jaggery, mustard oil, salt or sugar candy, 
(ii) as fluid extract, juice, medicinal wine and tincture and (iii) in the form 
of decoction, ointment and poultice. Also roasted bulbs have been found to 
be effective. The bulbs are useful in many diseases, like adenitis, arthralgia, 
asthma, broken chilblains, bronchitis, bruises, carbuncle, circulation, colds, 
convulsive disorder, coughs, dimness of vision, draining of pus and sores, 
dysmenorrhoea, dyspepsia, epilepsy, epistaxis, faintness, flu, hair growth, 
headache, hepatopathy, hydrophobia, hysteria, indolent boils, infantile 
convulsions, insect bites, jaundice, leucoderma, lumbago, lymphangites, 
migraine, obstruction of intestine, ophthalmia, otalgia, paralysis, peristaltic 
action of the intestine, pharyngodynia, phthisis, piles, pneumonopathy, 
prolapse for the anus, scorpion sting, skin diseases, sore throat, splenic 
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enlargement, stimulant of growth of children, suppurating ears, tobacco 
poisoning, tumours, unbroken chilblains, vertigo, vomiting and wounds. In 
addition, the juice is a mosquito and moth repellent, polish for copper and 
glass and rust-preventive (Anonymous, 1948; Chopra et al., 1956; Dastur, 
1962; Nadkami, 1982; Shah, 1982; Cheij, 1984; Kirtikar and Basu, 1987; 
Husainefa/., 1992; Chevallier, 1996; Vaidyaratnam, 1996). 
2.1.4.2 Garlic 
In view of its strength of flavour, it is used primarily as a 
condiment or spice rather than a bulk food stuff (Anonymous, 1948; 
Chauhan, 1968; Brewster, 1994),. Consequently, the world production is 
about 10% that of bulb onions (FAO, 1991). In addition to fresh 
consumption, the dried and processed garlic products also are used for 
culinary purposes (Brewster, 1994). 
Its main constituents are calcium, carbohydrates, copper, essential 
oil, iron, phosphorus, protein, scordinins, selenium and vitamins A, B, C 
and E. On distillation, the bulb gives an average yield of 0.25% of essential 
oil containing alliin (S-allyl cysteine sulfoxide), alliinase and alliicin 
(diallyl thiosulphinate) - an active odoriferous principle of garlic. When the 
fresh clove is crushed, alliin is broken down by alliinase to alliicin. Other 
major compounds present in the oil are allyl methyl disulphide, allyl methyl 
trisulphide, allyl propyl disulphide, diallyl disulphide and diallyl trisulphide 
(Anonymous, 1948; Satyavati et al., 1976; Chiej, 1984; Husain et al., 1992; 
Chevallier, 1996). 
The oil is a powerful antiseptic and anti-spasmodic (Nadkarni, 
1982). It is used as ear drops, for skin rashes and in colic and flatulence 
(Satyavati et al., 1976). It has also been recommended for internal use as a 
stimulant for the stomach and tonic and as a vermifiige (Anonymous, 1948). 
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The bulb has many medicinal properties. It is acrid, alexeteric, 
alternative, analgesic, anodyne, anthelmintic, anti-bacterial, anti-cancerous, 
anti-catarrh, anti-cholesterol, anti-diabetic, anti-fungal, anti-malarial, anti-
microbial, anti-phlogistic, anti-pyretic, anti-rheumatic, antiseptic, anti-
tuberculosis, anti-typhoid, aperient, apetite, voice and complexion improver, 
aphrodisiac, astringent, balsamic, bitter, blood thinner, carminative, cooling, 
corn remover, diaphoretic, digestive, diuretic, emmenagogue, escharotic, 
expectorant, flattening, gastric stimulant, healing agent, hygroscopic 
febrifuge, hypoglycaemiant, hypotensive, intestinal disinfectant, liniment, 
oleaginous, rubefacient, salty, stimulant, stomachic, thermogenic, tonic, 
vermifuge and vesicant (Anonymous, 1948; Chopra et al, 1956; Dastur, 
1962; Satyavati et al, 1976; Nadkami, 1982; Chiej, 1984; Kirtikar and Basu, 
1987; Husain et al, 1992; Ambasta, 1994; Chevallier, 1996; Vaidyaratnam, 
1996). 
According to present knowlege, unfiltered fresh garlic juice 
appears to be the best for most ailments. However, depending upon the 
nature of the disease, the bulb could be used in the form of fluid and semi-
fluid extrtact, ointment, poultice and tincture. To avoid disagreeable odour, 
a thick extract of garlic juice may be preferable and administered in the 
form of pills (and capsules) but an alcoholic ester of garlic oil, if found to 
give no unfavourable reaction when injected, may be preferred to other 
forms of administration (Chiej, 1984; Kirtikar and Basu, 1987). 
Garlic is useful in absorption of food, arthralgia, asthma, atonic 
dyspepsia, bronchial and pulmonary secretions, bronchitis, cardiopathy, 
caries of teeth, chronic fevers, colds, colic, constipation, cough, digestion 
problems, dilated bronchi with fetid expectoration, dropsy, duodenal ulcers, 
ear ache, epileptic fits, facial paralysis, fatigue, fatulence, fever, gangrene 
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of the lung, gout, helminthiasis, hepatopathy, high blood pressure, 
hoarseness, indolent tumours, infantile convulsions, inflammation, laryngeal 
tuberculosis, leprosy, leucoderma, lumbago, lupus, maggots infesting ulcers, 
nervous and spasmodic affections, ophthalmopathy, pain in the body and the 
joints, paralysis, piles, pneumopathy, pulmonary tuberculosis, rheumatism, 
scabies, sciatica, scrofulous sores, skin diseases, splenopathy, thirst, 
tumours, ulcers, whooping cough and wounds. It also helps in gaining weight, 
lessens night sweats, relaxes vocal cord and renders regular sleep. It may be 
taken alongside conventional antibiotics to support their action and ward-off 
side-effects. In Combodia, the leaves are used in the treatment of asthma 
(Anonymous, 1948; Chopra et al., 1956; Dastur, 1962; Satyavati et al., 
1976; Nadkarni, 1982; Chiej. 1984; Kirtikar and Basu, 1987; Husain et al., 
1992; Ambasta, 1994; Chevallier, 1996; Vaidyaratnam, 1996). 
2.1.4.3 Leek 
It is eaten raw (or boiled) alone or in mixed salads and cooked as 
flavouring in soups and stews (Anonymous, 1948; Chauhan, 1968; Thompson 
and Kelly, 1983; Ambasta, 1994). 
It contains carbohydrates, essential oil, minerals, such as calcium, 
iron, phosphorus and sulphur, proteins and vitamins A, B and C as main 
constituents. The chief ingredient of the essential oil is allyl disulphide 
(Anonymous, 1948; Chopra et al., 1956; Chauhan, 1968). 
In Combodia, the whole plant is used as diuretic and emollient. The 
bulb is considered a stimulating expectorant in its raw state . It is also used 
to hasten the suppuration of boils. The juice of the whole plant, mixed with 
'' cream, has been found curative for chapped hands, chilblains and sore eyes. 
The juice of the bulb acts energetically in the kidneys and dissolves calculus 
formations in the bladder (Chopra et al., 1956; Kirtikar and Basu, 1987). 
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2.2 Mineral nutrition 
Inorganic ions obtained from the soil and required for plant growth 
and development are called mineral nutrients. Their absorption, translocation 
and metabolisation is collectively referred to as mineral nutrition. 
An effort has been made in the follovs'ing pages to summarise the 
history of this important branch of plant physiology, including, in particular, 
the role of nitrognen, phosphorus, potassium and sulphur, that are required 
by the alliums in rather large quantities. Further, the methods of application 
of these nutrients and the response of the three alliums (onion, garlic and 
leek) selected for the present study are also considered in some detail. 
2.2.1 Historical 
An overall appreciation of the importance of proper tillage and 
manuring was made quite early in human history. The beneficial effect of 
adding mineral elements in the form of plant ash and lime to soils to 
improve plant growth has been known in agriculture for more than 2,000 
years (Marschner, 1986). However, little was known about the principles 
underlying these practices until rather recently. 
When we trace the written history of mineral nutrition, Glauber is 
the first person mentioned to have been associated with the role of saltpetre 
(potassium nitrate) which he obtained in 1656 from cattle manure. He found 
that it had great stimulating effect on plant growth and concluded that 
fertility of the soil and the value of the manure were entirely due to saltpetre 
(Bould, 1963). 
After a century, Home is reported to have found in 1755 that not 
only saltpetre stimulated plant growth but Epsom salt (magnesium sulphate) 
and potassium sulphate also had similar effect. This observation showed 
that the growth of plants is not the result of any one factor but that it is 
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related to several factors. Home also showed that there are two ways of 
approach to the study of plant nutrition, i.e. pot culture and plant analysis 
(Bould, 1963). 
However, a close relation between the minerals found in the soil 
and the plants growing in it was established for the first time by de Saussure 
(1804). 
Later, in the nineteenth century itself, Liebig (1840), Knop (1860, 
1861, 1865), Sachs (1860), Lawes et a/. (1861) and Boussingault (1891), 
among others, contributed substantially to this discipline. Their work was so 
reliable that even in the present century farmers follow their agricultural 
practices, including application of inorganic nutrients in the form of 
fertilisers to improve plant growth (Reed, 1942; Russell, 1950; Bould, 
1963; Marschner, 1986). 
Knop (1860, 1861, 1865) and Sachs (1860) were able to visualise 
the requirement of ten elements for plants with the help of water culture 
experiments. These include calcium, carbon, hydrogen, iron, magnesium, 
nitrogen, oxygen, phosphorus, potassium and sulphur. The concentration of 
these elements (except iron) is 0.1% or more in the dry matter of plants and 
are termed macroelements or macronutrients (Reed, 1942; Bould, 1963). 
However, the techniques used by Sachs and ^y Knop were not so 
refined that they could detect the involvement of other elements called 
microelements or micronutrients that are required in trace amounts. These 
account for 0.01% or less in plant dry matter. Subsequent progress in 
analytical chemistry, particularly in the purification of chemicals and 
methods of detection and estimation, enabled plant scientists to discover 
the essentiality of seven microelements other than iron. Thus, the 
essentiality of manganese was established by McHargue (1922), of boron 
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by Warington (1923), of zinc by Sommer and Lipman (1926), of copper by 
Lipman and MacKinney (1931), of molybdenum by Amon and Stout (1939), 
of cholrine by Broyer et al. (1954) and of nickel by Brown et al. (1987). 
2.2.2 Physiological roles of nitrogen, phosphorus, potassium and 
sulphur 
Mineral elements play specific roles in plants. They may be 
activators of enzymes, components of oxidation-reduction system, 
electrolytes and osmotic regulators, oxidation-reduction regulators, plastic 
and storage elements and skeletal elements. The important roles of nitrogen, 
phosphorus, potassium and sulphur are summarised below. 
2.2.2.1 Nitrogen 
It is absorbed by plants from the soil in the form of nitrate (NO3") 
ion. However, it is also obtained as ammonium (NH "^^ ) ion. After 
absorption and reduction in plants, nitrogen is converted into organic 
compounds, like amino acids, chlorophylls, coenzymes, porphyrins, proteins 
purines, pyrimidines and some vitamins and growth hormones (Bandurski, 
1965; Beevers and Hageman, 1969; Marschner, 1986). Its requirement for 
optimal growth varies between 2 and 5% of plant dry weight (Marschner, 
1986). 
Deficiency of nitrogen in soil results in stunted growth and 
yellowish green leaves, followed by their yellowing and drying or shedding. 
Often, anthocyanins abound in the veins and shoot which remains short, thin 
and spindly and shows reduced flowering. Protein synthesis is also 
decreased (Hewitt, 1963; Marschner, 1986). 
Excess of nitrogen causes plant tops to have usually dark green 
colour and abound in foliage. The root system is feebly developed. The root 
to shoot ratio is low. Increase in leaf production, reduction in flowering and 
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seed formation in several crops and delay in maturity is also noticed 
(Klemm, 1966; Black, 1973; Marschner. 1986). 
2.2.2.2 Phosphorus 
It is absorbed by plants from the soil primarily as the monovalent 
phosphate anion (HjPO^") and less rapidly as the divalent anion (HPO^"). 
The ratio of the monovalent to divalent anions depends on the pH of the 
soil. Values below pH 7 increase the monovalent anion and those above pH 
7, the divalent anion (Salisbury and Ross, 1992). It is a constituent of 
important metabolites, like adenosine and other triphosphates, flavin 
nucleotides, nucleic acids, nucleoproteins, phospholipids, phosphorylated 
sugars and their intermediary metabolic products found in the glycolytic and 
alternative oxidative pathways, phytin and purine and pyrimidine nucleotides 
(Nason and McElroy, 1963). Phosphorus is also required for the production 
of assimilatory power through orthophosphate and nicotinamide adenine 
dinucleotide (Arnon, 1958). Phosphorus requirement for optimal growth is 
in the range of 0.3 to 0.5% of plant dry weight (Marschner, 1986). 
Phosphorus-starved plants have a stunted and poorly developed root 
system. Like nitrogen deficiency, that of phosphorus also results in stunted 
shoot growth. However, leaves become dark blue-green and often look 
purplish due to accumulation of anthocyanins (Noggle and Fritz, 1986). 
Also, cell and leaf expansion are more retarded than is chlorophyll 
formation (Hecht-Buchholz, 1967). Further, deficiency of this element 
causes an accumulation of carbohydrates (Eaton, 1949, 1950, 1952; 
Ariovich and Cresswell, 1983). 
2.2.2.3 Potassium 
It is obtained by plants from the soil in the form of potassium ion 
(K*). It does not form a stable structural part of any molecule inside the 
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plant cells. However, it is required for most of the metabolic processes, 
including adenine synthesis, glycolysis and oxidative phosphorylation (Evans 
and Sorger, 1966). It is also involved in the translocation of solutes moving 
actively across the sieve plate by electro-osmosis (Salisburry and Ross, 
1992). It activates the peptide bond synthesising enzymes (Webster, 1953), 
enhances the incorporation of amino acids into protein (Webster, 1956) and 
thus its deficiency leads to reduction in protein synthesis (Hewitt, 1963). It 
also acts as an activator for other enzymes, including fructokinase, pyruvic 
acid kinase and transacetylase (Nason and McElory, 1963; Lauchli and 
Pfluger, 1978). It also stabilises the pH of cytoplasm and chloroplasts 
between 7 and 8, the optimum for most enzyme reactions, through 
neutralisation of soluble and insoluble macromolecule anions (Marschner, 
1986). It plays a role in osmo-regulation and thus helps in tissue hydration 
and in opening and closing of stomata (Fischer and Hsiao, 1968; Humble 
and Hsiao, 1969; Marschner, 1986; Webb and Mansfield, 1992). The 
potassium requirement for most of the higher plants ranges between 2 and 
5% of the dry weight of the plant (Marschner, 1986). 
Potassium deficiency causes chlorosis of older leaves first, 
necrosis, rosette habit of growth, scorching of margin and tip and weakening 
of stems (Devlin and Witham, 1986). Apical dominance in several plants 
appears to be lacking or weak under potassium deficient conditions (Hewitt, 
1963). Potassium deficiency in tomato plants causes disintegration of pith 
cells and results in an increase in the differentiation of secondary phloem 
parenchyma into sieve tubes and companion cells (Lyon and Garcia, 1944) 
and delays maturity in oats (Franck, 1931). 
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2.2.2.4 Sulphur 
It is absorbed by plants from the soil as sulphate (SO^") ion. It may 
also be absorbed through the aerial parts as sulphur dioxide gas present in 
the atmosphere (Thomas et al., 1944). Sulphur is a constituent of the amino 
acids cysteine, cystine and methionine and hence of proteins. It is also 
present in many other organic compounds, such as adenosine-5'-
phosphosulphate, allyl and vinyl sulphides, biotin, coenzyme A, ferredoxin, 
glucosinolate compounds, e.g. sinalbin and sinigrin, glutathione, lipoic acid, 
3'-phosphoadenosine-5'-phosphosulphate, sulpholipids, thiamine, thiamine 
pyrophosphate and thiol (-SH) group containing compounds. It also helps in 
stabilising the tertiary structure of enzymes and proteins. Sulphur 
requirement for optimal growth varies between 0.2 and 0.5% of the dry 
weight of the plants (Trease and Evans, 1972; Bidwell, 1981; Marschner, 
1986; Salisbury and Ross, 1992). 
Sulphur deficiency, like that of nitrogen, causes chlorosis and 
stunted growth, followed by anthocyanin pigmentation. Amino acids, as well 
as other nitrogen containing compounds and starch accumulate in the 
tissues and proteolytic activity increases. Its deficiency also delays 
flowering (Malik and Srivastava, 1982; Devlin and Witham, 1986; Marschner, 
1986). 
2.2.3 Nitrogen-, phosphorus-, potassium- and sulphur-containing 
fertilisers 
The weathered uppermost layer of the earth comprises soil which 
not only supports plants but also furnishes them water and minerals required 
for their growth. Continuous cropping results in depletion of soil nutrients, 
particularly nitrogen, phosphorus, potassium and sulphur that are removed in 
large quantities. Soils also become deficient due to natural processes, like 
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decomposition, fixation, volatilisation, etc. Therefore, nutrients have to be 
added periodically to maintain soil fertility. To meet the requirement of 
nitrogen, ammonium sulphate, anhydrous ammonia, calcium ammonium 
chloride, calcium ammonium nitrate and urea, among other fertilisers, are 
applied. The principal sources of phosphorus generally used for the purpose 
are ammonium polyphosphate, diammonium phosphate, nitric phosphate and 
single superphosphate. For potassium supply, potassium chloride (muriate 
of potash) and potassium sulphate are principally used. The soluble sources 
of sulphur comprise ammonium sulphate, gypsum, kaolinite, magnesia, 
potassium sulphate and superphosphate (Thompson, 1952; Miller and 
Donahue 1990; Tandon, 1993). 
2.2.4 Methods of nutrient application 
Plants obtain their nutrients from soil through their root system 
under natural conditions. However, under certain abnormal conditions, like 
differential requirement of nutrients at vairous growth stages, soil 
conditions not conducive for plant growth and unavailability of nutrients in 
the soil, nutrients may be applied through foliage to supplement those 
applied basally. 
2.2.4.1 Soil application 
Nutrients are applied to the soil in various ways. The important 
ones, as described by Miller and Donahue (1990), are summarised below. 
(i) Gaseous fertiliser application in the soil 
Anydrous ammonia is released as a gas, usually at 10 to 15 cm 
depth (or even deeper in sandy soils) which is adsorbed on the surface of 
clay and humus particles. 
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(ii) Fertiliser application in irrigation water 
Gaseous and solid fertilisers could be metered into the irrigation 
water. The method could be exploited better if they are applied using the 
sprinkler irrigation system. 
(ii) Banding 
This method is suitable for those crops which are grown in rows. 
Fertiliser is usually applied slightly below and to one side of the seed. 
(iv) Broadcasting 
The fertiliser is spread over the field covering the total area. 
(v) Strip placement 
The fertiliser is applied in such a way that there is a broad 
concentrated strip along the crop row. In this method, the application is 
more concentrated than broadcasting but not as dense and localised as 
banding. It allows more extensive root development than does banding and 
loses comparatively less fertiliser by fixation in comparison with 
broadcasting. 
(vi) Top-dressing 
It is a supplemental fertiliser application on the surface of the soil 
at pre-determined stages of growth of the crop. 
(vii) Side dressing 
Fertiliser is applied to the growing crop either as a surface 
placement or a shallow banding. 
2.2.4.2 Foliar application 
This method of nutrient application proves advantageous under 
some conditions : 
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(i) A considerable amount of soil-applied nutrients, for example about 
50% nitrogen (Anonymous, 1971) and about 70% phosphorus 
(Russell, 1950) is rendered unavailable to plants due to many factors, 
including decomposition, fixation and leaching. Supplemental foliar 
application may help sustain plant growth under such conditions 
(Wittwer and Teubner, 1959; Wittwer and Bukovac, 1969; Afridi and 
Wasiuddin, 1979; Kannan, 1990). 
(ii) Foliar application may be adopted as an emergency treatment to check 
deficiencies of nutrients as there is a quick response of plants to 
foliar application of nutrients in comparison with soil application 
(Bould and Tolhurst, 1948; Afridi and Samiullah, 1973). 
(iii) Some crops (such as sugarcane) remove large quantities of fertilisers 
during early vegetative growth and need fertiliser supplements at later 
stages when soil application is not feasible. Foliar application can be 
used under such conditions (Ali et al., 1987). 
(iv) Plants may suffer from deficiencies of the micronutrients, like copper, 
iron, manganese and zinc, which may become immobilised in the soil 
under various conditions. To correct the deficiencies of these 
elements, foliar application has been used successfully for decades 
(Jones and Rogers, 1949; Boynton, 1954; Bould, 1963; Wittwer and 
Bukovac, 1969). 
(v) Under scarcity of funds and/or fertilisers, fertiliser economy could be 
achieved by using this technique. Crops could be given a sub-optimal 
basal starter dose followed by split application of small quantities of 
fertilisers through spray, rather than by top-dressing required in 
comparatively much larger quantities for optimal yields (De, 1971; 
Afridi and Wasiuddin, 1979; Mohammad et al., 1987; Kannan, 1990). 
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(vi) Under hilly or dryland conditions or where soils are acidic, highly 
alkaline, porous and sandy or water logged, foliar application may be 
beneficial over soil application (Bould, 1963; Afridi and Samiullah, 
1973; Mohammad, 1992). 
2.2.5 Effect of nitrogen, phosphorus, potassium and sulphur 
application 
A number of reports is available on response of crop plants to 
inputs, including mineral nutrients. In the following pages, the relevant 
available recent publications on how the common alliums respond to 
exogenously applied nitrogen, phosphorus, potassium and sulphur, under 
Indian conditions, have been reviewed. The survey of literature reveals that 
considerable work has been done, albeit on soil application of these 
nutrients to onion and garlic only, in our country. 
2.2.5.1 Onion 
Agrawal et al. (1981) studied the effect of three levels each of 
nitrogen, phosphorus and potassium applied in all possible combinations on 
plant growth (fresh weight of leaves and plant), bulb development (bulb girth 
and weight) and yield of onion variety Kalianpur Red Round in an experiment 
conducted at Kanpur (Uttar Pradesh). They supplied nitrogen at 0, 80 and 
160 kg N/ha, phosphorus at 0, 40 and 80 kg Pp^ (0,17.5 and 34.9 kg P)/ha 
and potassium at 0, 40 and 80 kg KjO (0, 33.2 and 66.4 kg K)/ha. The 
combinations 160 kg N+17.5 kg P+33.2 kg K/ha and 80 kg N+17.5 P+66.4 
kg K/ha (being at par) gave better values for plant growth,bulb development 
and yield of onion than the other combinations. 
Singh et al. (1982) observed the effect of 60 and 120 kg N/ha and 
60 and 120 kg K^O (49.8 and 99.6 kg K)/ha on growth and yield of onion 
(variety not mentioned) in an experiment undertaken at Rewa (Madhya 
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Pradesh). Application of 120 kg N/ha increased plant height, bulb diameter 
and yield of onion in comparison with 60 kg N/ha. However, no marked 
difference between the two levels of potassium was found. 
Deshmukh et al. (1984) studied the effect of phosphorus, 
potassium and ferrous sulphate on bulb diameter and yield of onion variety 
N-53 in an experiment performed at Akola (Maharashtra). They applied three 
levels each of phosphorus, viz. 0, 40 and 80 kg PjOj (0, 17.5 and 34.9 
kg P)/ha and potassium, i.e. 0, 37.5 and 75 kg KjO (0, 31.1 and 62.2 kg 
K)/ha in all possible combinations in the presence of a uniform dose of 100 
kg N/ha. There were three additional treatments consisting of: (i) 
no-fertiliser control, (ii) 17.5 kg P + 31.1 kg K + 0.5% spray of 
FeS04.7H20 and (iii) 34.9 kg P + 62.2 kg K + 0.5% spray of FeS04.7H20. 
Among treatments, 34.9 kg P + 31.1 kg K/ha proved best. The spray of 
ferrous sulphate was not found to play any promising role in onion 
production. It could only help to minimise the observed ill effect of the 
higher dose of potash. 
Patil et al. (1984) performed an experiment at Parbhani 
(Maharashtra) to study the effect of three levels each of nitrogen, 
phosphorus and potassium applied in all possible combinations on bulb size 
of White Local variety of onion. They applied nitrogen at 0, 75 and 150 kg 
N/ha, phosphorus at 0, 75 and 150 kg Pp^ (0, 32.7 and 65.4 kg P)/ha and 
potassium at 0, 50 and 100 kg KjO (0, 41.5 and 83.0 kg K)/ha. Increasing 
levels of nitrogen increased linearly the length of bulb, diameter of neck 
and diameter of bulb. Similar increase in diameter of neck and bulb was 
noticed on the application of phosphorus. However, the effect of phosphorus 
on bulb length was non-significant. Also, individual effect of potassium and 
interaction effect of the three nutrients on bulb size was non-significant. 
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Kale et al. (1987) applied four levels of nitrogen, viz. 0, 60, 120 
and 180 kg N/ha alongwith a uniform dose of 60 kg PjOj (26.2 kg P) and 50 
kg KjO (41.5 kg K)/ha while performing an experiment on Local White 
onion at Akola (Maharashtra). Height of seedlings and splitting, diameter 
and yield of bulbs increased on the application of nitrogen. However, bolting 
decreased. Application of 180 kg N/ha proved best for bulb yield. 
Palled et al. (1988) studied the effect of nitrogen on the response 
of onion cultivar Bellary Red in their experiment carried out in the 'kharif 
(rainy) season at Belvatagi (Karnataka). The nitrogen levels, applied with a 
uniform dose of 50 kg P2O5 (21.8 kg P) and 100 kg KjO (83 kg K)/ha, 
included 50, 75 and 100 kg N/ha. They reported that nitrogen had no effect 
on plant height but increased bulb yield. The maximum yield was found with 
100 kg N/ha. 
Jayabharathi (1989) studied the effect of three levels each of 
nitrogen, phosphorus and potassium in all possible combinations on dry 
matter production, bulb yield and quality of Aggregatum onion cultivar Co 4 
at Periyar (Tamil Nadu). The doses of nitrogen, phosphorus and potassium 
applied were 0, 50 and 75 kg/ha of each. Application of 75 kg N + 75 kg P 
+ 75 kg K/ha proved best for dry matter and bulb yield. This combination of 
nutrients was also found to be associated with larger-sized bulbs, better 
viability and vigour. 
Shanthi and Balakrishnan (1989a,b) observed the effect of three 
levels of nitrogen (30, 60 and 90 kg N/ha) alongwith a uniform dose of 
phosphorus at 60 kg P2O5 (26.2 kg P)/ha and potassium at 30 kg KjO (24.9 
kg K)/ha on growth, yield and nutrient uptake of onion variety Aggregatum 
cultivar MDU 1 in an experiment performed at Madurai (Tamil Nadu). The 
growth^yield and quality characters, including plant height, length and 
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number of leaves, number of bulbs, bulb length, girth and yield per plant, 
bulb yield per hectare and nitrogen, phosphorus, potassium and sulphur 
uptake, increased linearly with increasing levels of nitrogen, of which 90 kg 
N/ha gave the maximum values. 
Pandey et al. (1991) carried out an experiment on 'kharif onion 
cultivar N 53 at Karnal (Haryana). They applied four levels of nitrogen (0, 
50, 100 and 150 kg N/ha), three levels of phosphorus, viz. 0. 40 and 80 kg 
PjOj (0, 17.5 and 34.9 kg P)/ha and two levels of potassium at 0 and 50 kg 
KjO (0 and 41.5 kg K)/ha alone or in combination. It was reported that the 
application of nitrogen increased the gross yield and marketable yield as 
also bulb diameter. However, phosphorus and potassium had no effect on the 
yields and bulb diameter. The maximum yield, as well as net return, was 
obtained with 150kgN+ 17.5 k g ? + 41.5 kg K/ha. 
Sachdev et a/. (1991) observed the effect of nitrogen and sulphur 
application alone and in combination on growth, yield and nitrogen, 
phosphorus and sulphur content in onion bulbs and leaves in an experiment 
conducted on onion cultivar Pusa Red at New Delhi. They applied three 
levels of nitrogen, viz. 0, 60 and 120 kg N/ha and three levels of sulphur (0, 
20 and 40 kg S/ha) alongwith a uniform basal dose of 60 kg P^Oj (26.2 kg 
P) and 60 kg KjO (49.8 kg K)/ha. Application of nitrogen and sulphur 
increased leaf dry weight as well as total dry matter yield and bulb yield, 
with 120 kg N/ha and 20 kg S/ha, alone or in combination, proving best. The 
nitrogen, phosphorus and sulphur content in onion bulbs and leaves was 
improved by nitrogen application only up to 60 kg N/ha but was not affected 
consistently by sulphur as well as by its interaction with nitrogen. 
Vachhani and Patel (1991), carrying out an experiment at Navsari 
(Gujarat), studied the effect of three levels each of nitrogen (50, 100 and 
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150 kg N/ha), phosphorus, viz. 25, 50 and 75 kg P^Oj (10.9, 21.8 and 32.7 
kg P)/ha and potassium, i.e. 50, 100 and 150 kg KjO (41.5, 83.0 and 124.5 
kg K)/ha on bulb yield and quality of onion cultivar Pusa Red. They found 
that increasing levels of nitrogen enhanced linearly bulb yield and nitrogen 
content in the bulb, with 150 kg N/ha proving the best. However, the quality 
of onion bulb in respect of phosphorus, potassium and sulphur content was 
not influenced by nitrogen application. The graded levels of phosphorus too 
enhanced bulb yield and nitrogen and phosphorus content in the bulb 
progressively. However, potassium and sulphur content in the bulb was not 
affected by the addition of phosphorus. Regarding the effect of potassium, 
they added that it enhanced nitrogen and potassium content in onion bulb, 
but did not affect bulb yield and phosphorus and sulphur content in the bulb. 
Verma and Deshmukh (1991) observed the effect of split 
application of nitrogen on marketable and unmarketable (bolted, twins and 
thicknecked) yield of onion cultivar Local White in an experiment 
conducted at Akola (Maharashtra). They applied a total of 75 kg N/ha in 
three ways, i.e. in (i) one dose, (ii) two splits and (iii) thr«£ splits. It was 
found that the marketable yield was more with two or three split applications 
of nitrogen than with the single dose given at transplanting. 
Nandi and Nanda (1992), undertaking an experiment at Udayagiri 
(Orissa), evaluated the effect of three levels each of nitrogen and potassium 
and their mode of application on plant height, number of leaves per plant and 
bulb yield of onion variety Surkh Red. They applied nitrogen at 30, 60 and 
90 kg N/ha together with potassium at 60, 90 and 120 kg KjO (49.8, 74.7 
and 99.6 kg K)/ha in the presence of a uniform dose of 50 kg P2O5 (21.8 kg 
P)/ha. The modes of application included : (i) full dose as basal, (ii) half as 
basal and the rest 43 days after planting and (iii) one third as basal, one third 
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43 days after planting and the remaining one third 77 days after planting. 
Application of fertiliser combinations affected plant height only, with 90 kg 
N + 99.6 kg K/ha giving the tallest plants. The effect of mode of application 
of nitrogen and potassium was significant only on bulb yield which was 
maximum with the application of these nutrients in two equal splits. 
Pandey et al. (1992), performing an experiment at Karnal 
(Haryana), studied the effect of three levels of nitrogen, viz. 60, 100 and 
140 kg N/ha, alongwith a uniform dose of 50 kg ?p^ (21.8 kg P) and 50 kg 
K2O (41.5 kg K)/ha on diameter of bulbs, size index of bulbs, bulb yield and 
net return of Pusa Red variety of onion. They found that the maximum net 
return was with 140 kg N/ha. However, the other parameters were not 
affected significantly by nitrogen application. 
Rao et al. (1992), performing an experiment at Bangalore 
(Karnataka), studied the effect of four levels of fertility, viz. NQPQKQ (0 kg 
N + 0 kg P + 0 kg K/ha), N.sPjoKj,, N,5oP,ooK,oo ^nd Njo/^ooKsoo »" the 
range of soil test values and the critical soil test level - the level of soil 
nutrient below which a reasonably satisfactory response to an application of 
that nutrient is expected and above which the probability of such response is 
low - for onion variety Pusa Red. They found the range of soil test values 
for nitrogen, phosphorus and potassium in the four fertility levels was 200-
425 kg N/ha, 8-73 kg P/ha and 72-162 kg K/ha respectively. The critical 
soil test level was 250 kg N/ha, 18 kg P/ha and 147 kg K/ha. They also found 
that available nitrogen, phosphorus and potassium were positively correlated 
with onion yield. 
Sharma (1992) observed the effect of nitrogen and potash on bulb 
yield of rainy season onion variety N 53 in an experiment carried out at 
New Delhi. He applied three levels each of nitrogen (0. 50 and 100 kg N/ha) 
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and potash, viz. 0, 40 and 80 kg Kp (0, 33.2 and 66.4 kg K)/ha alongwith a 
uniform dose of 50 kg P2O5 (21.8 kg P)/ha. Tiie crop responded (in terms of 
bulb yield) to nitrogen up to 50 kg N/ha and to potassium up to 33.2 kg 
K/ha. 
Sirohi et al. (1992) observed the effect of three levels of nitrogen 
on growth, yield and quality of'kharif onion variety N 53 in an experiment 
conducted at Muzaffarnagar (Uttar Pradesh). Three nitrogen levels,viz. 60, 
90 and 120 kg N/ha, were applied with required doses of other fertilisers 
(not mentioned). They recorded maximum yield with 120 kg N/ha and 
minimum, with the lowest dose (60 kg/ha) of nitrogen. However, plant 
height, leaf number and bulb diameter were not affected significantly by 
nitrogen application. 
Mehta et al. (1993) studied the effect of four levels of nitrogen 
(0, 60, 120 and 180 kg N/ha) on growth and yield of onion variety Agrifound 
Light Red in an experiment conducted at Yamunanagar (Haryana). 
Application of 60 kg N/ha proved best for plant height and bulb weight and 
of 120 kg N/ha, for size of bulb and bulb yield. 
Rajas et al. (1993) observed the effect of four levels of sulphur on 
bulb weight and bulb yield of onion variety Pusa Red in an experiment 
conducted at Amravati (Maharashtra). Sulphur was applied at 0, 40, 60 and 
80 kg S/ha alongwith a uniform dose of 175 kg urea (81.6 kg N), 150 kg 
single superphosphate (10.5 kg P) and 125 kg murtiate of potash (60.8 kg 
K)/ha. Bulb weight and bulb yield increased linearly with increasing doses 
of sulphur. 
Vachhani and Patel (1993a,b) studied the effect of nitrogen, 
phosphorus and potassium on growth; soluble solid; nitrogen, phosphorus, 
potassium and sulphur content of bulb and yield of onion cultivar Pusa Red 
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at Navsari (Gujarat). They applied nitrogen at 50, 100 and 150 kg N/ha, 
phosphorus at 25, 50 and 75 kg P2O5 (10.9, 21.8 and 32.7 kg P)/ha and 
potassium at 50,100 and 150 kg Kp (41.5, 83.0 and 124.5 kg K)/ha. Plant 
height, leaf number, bulb nitrogen content and bulb diameter increased 
linearly with increasing levels of nitrogen, but days to maturity, bulb weight 
and bulb yield increased up to 100 kg N/ha only. Nitrogen did not have 
significant effect on soluble solid and on phosphorus, potassium and sulphur 
content of bulbs. Application of increasing levels of phosphorus resulted in 
a linear increase in leaf number, bulb nitrogen content and bulb yield. Bulb 
phosphorus content, weight and diameter increased up to 21.8 kg P/ha. 
However, plant height, soluble solid in bulb, potassium and sulphur content 
and maturity days remained unaffected. There was a direct relationship 
between potassium levels and bulb nitrogen and potassium content. Leaf 
number increased up to 83.0 kg K/ha; but the other parameters were not 
affected. 
Kumar and Singh (1994) studied the utilisation of nitrogen, 
phosphorus and potassium in the presence or absence of sulphur by 
Agrifound Light Red variety of onion in a sand culture experiment 
conducted at Muzaffamagar (Uttar Pradesh). It was observed that total 
nitrogen, phosphorus and potassium content of the bulb at various stages of 
growth was higher in sulphur deficient plants than when sulphur was supplied 
to them. They concluded that sulphur deficient plants had poor utilisation of 
these elements. They also observed a reduction in the sulphur content of the 
bulb of sulphur deficient plants. 
Patel and Vachhani (1994) conducted an experiment on onion 
(variety not mentioned) at Navsari (Gujarat) to study the effect of nitrogen, 
phosphorus and potassium fertlisation on yield and quality. They applied 
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three levels each of nitrogen - 50, 100 and 150 kg N/ha, phosphorus - 25, 
50 and 75 kg ?p^ (10.9, 21.8 and 32.7 kg P)/ha and potassium - 50, 100 
and 150 kg KjO (41.5, 83.0 and 124.5 kg K)/ha in all possible combinations. 
Increasing levels of nitrogen increased nitrogen content and diameter of 
bulbs linearly. Application of 100 kg N/ha proved optimum for average 
w e^ight of bulb and bulb yield. However, nitrogen did not affect total soluble 
solid and phosphorus, potassium and sulphur content of bulbs. Graded levels 
of phosphorus enhanced nitrogen and phosphorus content and diameter, 
weight and yield of bulbs progressively. There was no effect of phosphorus 
on total soluble solid and potassium and sulphur content of bulbs. Potassium 
application affected nitrogen and potassium content of bulbs. A linear 
increase in the contents of these two nutrients was observed on the 
application of increasing levels of potassium. 
Rana and Sharma (1994) observed the effect of nitrogen 
fertilisation on bulb yield and yield attributes of onion variety Pusa Madhavi 
in an experiment conducted at New Delhi. Three levels of nitrogen (0, 60 
and 120 kg N/ha) were applied with a uniform dose of 22 kg P and 40 kg ¥J 
ha. The increase in nitrogen dose enhanced 100-bulb weight, dry weight per 
bulb, bulb diameter and bulb yield. 
Singh et al. (1994a) studied the effect of graded levels of nitrogen 
on dry matter production, bulb number, 50-bulb weight, bulb diameter and 
bulb yield on onion variety Pusa Red in an experiment conducted at Nainital 
(Uttar Pradesh). They applied six levels of nitrogen, viz. 0, 40, 80, 120, 160 
and 200 kg N/ha alongwith a uniform dose of 60 kg P2O5 (26.2 kg P) and 80 
kg KjO (66.4 kg K)/ha. They concluded that application of 80 kg N/ha was 
the best for the production of onion bulbs. 
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Subbiah (1994) found in an experiment conducted at Coimbatore 
(Tamil Nadu) that there was no effect of 0 (control), 50, 75 and 100% of 
the recommended doses of nitrogen and phosphorus alongwith a uniform 
recommended dose (not mentioned) of potassium on bulb,total dry matter 
yield and bulb nitrogen content of onion variety NP 53. There was no 
marked effect on phosphorus and potassium content of the bulb. In straw, 
the nitrogen content increased up to the application of 75% of the 
recommended doses of nitrogen and phosphorus and decreased thereafter 
even below the level in the control. Phosphorus content in straw was highest 
with 50% (equalled by 75%) of the recommended dose of nitrogen and 
phosphorus. However, 100% recommended dose of nitrogen and phosphorus 
had the same phosphorus content as the control. All treatments of nitrogen 
and phosphorus had almost equal potassium content and proved superior to 
the control in this regard. 
Kumar and Singh (1995) performed a sand culture experiment at 
Muzaffarnagar (Uttar Pradesh) to study the effect of sulphur deficiency on 
growth and yield of Agrifound Light Red variety of onion. Sulphur 
deficiency caused a marked decrease in plant height, number and length of 
leaves per plant, number and length of roots per plant and yield of bulbs. 
Singh and Pandey (1995) studied the effect of three doses of 
sulphur, viz. 0, 20 and 40 ppm S (0, 20 and 40 mg S/kg soil or 0, 44.8 and 
89.6 kg S/ha) alongwith a uniform dose of 100 kg N + 40 kg ?p^ (17.5 kg 
P) -t- 40 kg KjO (33.2 kg K)/ha on dry matter yield and sulphur uptake of 
Pusa Red \ ariety of onion in a pot experiment conducted at New Delhi. 
Sulphur application had no effect on total biomass production but uptake of 
sulphur increased up to 20 ppm S. 
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Singh and Singh (1995) performed a greenhouse experiment on 
onion variety Nasik Red at Agra (Uttar Pradesh). On comparing the effect of 
three combinations of nitrogen and phosphorus, viz. (i) 0 kg N + 0 kg PjOj/ 
ha, (ii) 40 kg N + 60 kg PjOj (26.2 kg P)/ha and (iii) 80 kg N + 60 kg Pp^ 
(26.2 kg P)/ha, it was found that the combination 80 kg N + 26.2 kg P 
proved the best in its effect on nitrogen, phosphorus, potassium, sulphur, 
calcium, magnesium and zinc content of bulbs and bulb yield. 
Sadaria et al. (1996) studied the influence of nitrogen and 
phosphorus levels on bulb yield of onion variety Junagadh Local (Pilipatti) 
in an experiment performed at Junagadh (Gujarat). They applied three levels 
each of nitrogen - 50, 75 and 100 kg N/ha and phosphorus - 25, 37.5 and 75 
kg P2O5 (10.9, 16.4 and 32.7 kg P)/ha alongwith a uniform dose of 50 kg 
KjO (41.5 kg K)/ha. Application of 75 kg N/ha was found to be optimum in 
respect of bulb yield, whereas the effect of phosphorus was non-significant. 
Shah et al. (1996) observed the effect of three levels of nitrogen 
(60, 80 and 100 kg N/ha) alongwith a uniform dose of 60 kg PjOj (26.2 kg 
P) and 60 kg KjO (49.8 kg K)/ha on yield and quality of onion variety Pusa 
Red in an experiment performed at Navsari (Gujarat). Application of 
nitrogen did not affect bulb diameter, weight, yield and nitrogen content 
among other characters. 
Singh (1996) observed the effect of four levels of nitrogen, viz. 0, 
100, 125 and 150 kg N/ha on bulb yield of onion variety Nasik Red in an 
experiment conducted at Sirmaur (Himachal Pradesh). He found that 
increasing levels of nitrogen increased bulb yield linearly. 
Singh et al. (1996) performed an experiment at Agra (Uttar 
Pradesh) to study the effect of four levels each of nitrogen and sulphur 
alone and in combination. The parameters recorded were: content and 
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accumulation of nitrogen and sulphur in bulbs and bulb yield of Pusa Red 
variety of onion. They applied nitrogen at 0, 60, 120 and 180 kg N/ha and 
sulphur at 0, 20, 40 and 80 kg S/ha alongwith a uniform dose of 60 kg PjOj 
(26.2 kg P) and 60 kg KjO (49.8 kg K)/ha. Increasing levels of nitrogen 
increased content and uptake of nitrogen and sulphur and bulb yield linearly. 
Similarly, graded levels of sulphur enhanced content and accumulation of 
nitrogen and sulphur progressively; but bulb yield was found to be increased 
up to 40 kg S/ha only. Regarding the interaction effect, application of 180 
kg N X 80 kg S/ha proved best for content and uptake of nitrogen and sulphur 
and 180 kg N X 40 kg S/ha, for bulb yield. 
Dixit (1997) observed the effect of five levels of nitrogen on plant 
height, leaf number, bulb diameter, polar diameter, gross weight and net 
weight and marketable yield of onion variety N 53 in an experiment carried 
out during summer at Lari in Lahaul and Spiti (Himachal Pradesh). He 
applied nitrogen at 0, 40, 80, 120 and 160 kg N/ha alongwith a uniform dose 
of 32.3 kg P and 49.8 kg K/ha. Application of nitrogen up to 120 kg N/ha 
proved beneficial for most of the parameters,including marketable bulb 
yield, with 160 kg N/ha showing no further improvement. 
Singh et al. (1997) studied the effect of five treatments on yield 
and quality of Agrifound Light Red variety of onion in an experiment 
performed at Nasik (Maharashtra). The treatments comprised no-fertiliser 
control, 100 kg N/ha, 100 kg N + 50 kg ?p^ (21.8 kg P)/ha, 100 kg N + 25 
kg P2O5 (10.9 kg P) + 25 kg K^O (20.7 kg K)/ha and 100 kg N + 50 kg ?f>^ 
(21.8 kg P) + 50 kg K2O (41.5 kg K)/ha. Application of 100 kg N + 10.9 kg 
P + 20.7 kg K/ha proved best for bulb diameter, bulb size index, weight of 
20-bulbs, gross yield, marketable yield and net return. 
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Kumar et al. (1998a) carried out an experiment on Patna Red 
cultivar of onion at Baraut (Uttar Pradesh). They studied the effect of three 
levels of nitrogen, viz. 0, 75 and 150 kg N/ha alongwith a uniform dose of 
70 kg P2O5 (30.6 kg P) and 70 kg KjO (58.1 kg K)/ha on growth and yield of 
the crop. Application of 150 kg N/ha proved best for most growth and yield 
characteristics, including plant height, fresh and dry weight of bulbs, bulb 
diameter and bulb yield. 
Kumar et al. (1998b) observed the effect of three levels of sulphur 
(0, 30 and 60 kg S/ha) in the presence of a uniform dose of 120 kg N + 60 
kg P2O5 (26.2 kg P) + 60 kg K2O (49.8 kg K)/ha on bulb yield of onion 
variety N 53 in an experiment conducted at Nadia (West Bengal). Effect of 
the application of 0 and 30 kg S/ha was at par for bulb yield. However, a 
deleterious effect on bulb yield was observed when 60 kg S/ha was applied. 
Meena and Singh (1998) studied the effect of four levels of 
sulphur (0, 10, 20 and 30 mg S/kg soil) alongwith a uniform dose of 70 mg 
N + 50 mg P2O5 (21.8 mg P) + 60 mg K2O (49.8 mg P)/kg soil on dry 
weight of tops and bulbs separately and sulphur uptake by onion (tops plus 
bulbs) variety Pusa Red in a pot experiment conducted at New Delhi. In 
general, application of 20 mg S/kg soil gave highest values for these 
parameters. 
Sharma (1998) reported the effect of four nitrogen levels on plant 
height, leaf number and bulb yield of onion cultivar Pusa Red in an 
experiment conducted at Bilaspur (Madhya Pradesh). He applied 50, 100, 
150 and 200 kg N/ha alongwith a uniform dose of 80 kg P2O5 (34.9 kg P) 
and 60 kg KjO (49.8 kg K)/ha. Application of 150 kg N/ha proved optimum 
for all parameters studied. 
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2.2.5.2 Garlic 
Maurya and Bhuyan (1982) studied the effect of five levels of 
nitrogen (0, 50, 100, 150 and 200 kg N/ha) on growth and yield of garlic in 
an experiment carried out at Jorhat (Assam). They reported that application 
of 200 kg N/ha resulted in maximum plant height, leaf number, fresh weight 
and dry weight of vegetative parts and clove number. However, 150 kg N/ha 
proved best for fresh and dry weight of bulbs, bulb diameter and bulb yield. 
Das et al. (1985). working at Cooch Behar (West Bengal), applied 
three levels each of nitrogen - 0, 60 and 120 kg N/ha, phosphorus - 0, 30 
and 60 kg P2O5 (0, 13.1 and 26.2 kg P)/ha and potassium - 0, 60 and 120 kg 
KjO (0, 49.8 and 99.6 kg K)/ha in all possible combinations. The parameters 
studied were : plant height, leaf number, bulb diameter, weight per bulb, 
cloves per bulb and bulb yield of garlic. Increasing levels of nitrogen, 
phosphorus or potassium improved all growth and yield parameters studied, 
except leaf number and bulb diameter, which were not affected by potassium 
application. Amongst the nutrients, nitrogen alone was found to be more 
effective in enhancing growth and yield of garlic. However, the highest yield 
was obtained with 60 kg N + 26.2 kg P + 99.6 kg K/ha, closely followed by 
120 kg N + 26.2 kg P + 99.6 kg K/ha. 
Pal and Pandey (1986) performed an experiment at Nainital (Uttar 
Pradesh) to study the effect of three levels each of nitrogen, phosphorus 
and potassium in all possible combinations on growth and yield of garlic. 
Nitrogen was applied at 0. 75 and 150 kg N/ha, phosphorus, at 0, 125 and 
250 kg P2O5 (0, 54.6 and 109.2 kg P)/ha and potassium, at 0. 75 and 150 kg 
K2O (0, 62.2 and 124.5 kg K)/ha. Application of 150 kg N + 109.2 kg P + 
62.2 kg K/ha gave maximum values for plant height, diameter of plant and 
number of cloves. The treatments did not affect leaf number significantly. 
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However, 150 kg N + 109.2 kg P + 124.5 kg K/ha proved best for length and 
diameter of bulb and bulb yield. 
Pawar and Patil (1989) observed the effect of graded levels of 
phosphorus on sulphur content of bulb, bulb diameter, cloves per bulb, 
weight per bulb and bulb yield of garlic in an experiment carried out at 
Rahuri (Maharashtra). They applied four levels of phosphorus, viz. 0, 75, 
150 and 225 kg P2O5 (0, 32.7, 65.5 and 98.2 kg P)/ha alongwith a uniform 
dose of 100 kg N + 75 kg KjO (62.2 kg K)/ha. The phosphorus doses also 
contained 0, 9, 18 and 27 kg S/ha as single superphosphate was the source 
of phosphorus. The sulphur content of the bulb increased with increasing 
levels of phosphorus. Application of the nutrient enhanced the bulb 
diameter, cloves per bulb, weight per bulb and bulb yield but the response 
was up to 32.7 kg P/ha and, thereafter, the effect of treatments was at par 
with each other. 
Tripathi and Singh (1990) studied the effect of four levels of 
nitrogen and two levels of potassium on growth and yield of garlic in an 
experiment conducted at Allahabad (Uttar Pradesh). Nitrogen was applied at 
0, 75, 150 and 225 kg N/ha and potassium, at 0 and 50 kg KjO (0 and 41.5 
kg K)/ha alongwith a uniform dose (not mentioned) of phosphorus. 
Increasing levels of nitrogen increased linearly plant height, number of leaf 
sheaths, diameter of the main shoot and bulb yield. However, potassium 
application increased only bulb yield and did not affect any of the growth 
parameters. 
Kunwar and Pandey (1992), performing an experiment at Shrinagar-
Garhwal (Uttar Pradesh), studied the effect of nine combinations of 
fertilisers, comprising three levels each of nitrogen - 50, 100 and 150 kgN/ 
ha and phosphorus - 25, 50 and 75 kg ?p^ (10.9, 21.8 and 32.7 kg P)/ha 
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alongwith uniform potassium (dose not mentioned) on plant height, leaf 
number, nitrogen, phosphorus and potassium content in plant top and bulb, 
bulb size, bulb weight, clove number and bulb yield of pink-scaled garlic. 
The treatments affected several parameters, including bulb weight and bulb 
yield significantly. The application of 150 kg N + 32.7 kg P/ha proved best 
for these parameters. 
Panchal et al. (1992) studied the effect of nitrogen and phosphorus 
on plant height, leaf number, neck thickness, bulb diameter, cloves per bulb 
and bulb yield of garlic variety GAU 1 in a field trial conducted at Junagadh 
(Gujarat). Three levels each of nitrogen - 25, 50 and 75 kg N/ha and 
phosphorus - 25, 50 and 75 kg P2O5 (10.9, 21.8 and 32.7 kg P)/ha were 
applied in all possible combinations. Application of 50 kg N and 21.8 kg P/ 
ha proved best for most of the parameters, including cloves per bulb and 
bulb yield. 
Pandey et al. (1992) studied the effect of three levels of nitrogen 
(0, 75 and 150 kg N/ha) on yield and quality of garlic in an experiment 
conducted at Karnal (Haryana). They found that bulb diameter, size index of 
bulbs and net return were maximum with 150 kg N/ha. However, bolting was 
not affected significantly by the applicaiton of nitrogen. 
Pandey and Singh (1993). carrying out an experiment on Gl variety 
of garlic at Karnal (Haryana). studied the effect of nitrogen on yield and 
yield parameters. They applied three levels of nitrogen (50, 100 and 150 kg 
N/ha) along with a uniform dose of 50 kg ?p^ (21.8 kg P) + 50 kg K2O 
(41.5 kg K)/ha. Increasing levels of nitrogen application enhanced neck 
thickness, bulb diameter, cloves per bulb, weight of 10 bulbs and bulb yield 
linearly. 
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Selvaraj et al. (1993a) studied the effect of nitrogen and potassium 
on the uptake of nitrogen, phosphorus and potassium at 30 and 50 days and 
at harvest in local variety of garlic in an experiment conducted at 
Perumbarai (Tamil Nadu). There were four levels each of nitrogen (0, 75, 
100 and 150 kg N/ha) and potassium, i.e. 0, 75, 100 and 150 kg K^O (0, 
62.2, 83.0 and 124.5 kg K)/ha alongwith a uniform dose of 90 kg PjOj (39.3 
kg P)/ha. They found that uptake of nitrogen increased with increasing levels 
of nitrogen, whereas its uptake decreased with increasing levels of 
potassium at all growth stages studied. Phosphorus uptake was higher with 
75 kg N/ha at the first two stages. However, at harvest it was maximum with 
150 kg N/ha. Phosphorus uptake was maximum with 0 kg K/ha at all the 
stages. Uptake of potassium was highest with 75 kg N/ha at the first two 
stages whereas, at harvest, there was an increase in its uptake with increasing 
levels of nitrogen. Also, its uptake was highest with 62.2 kg K/ha at all the 
stages studied. They also published separately the effect of nitrogen and 
potassium on plant height; leaf length, width and number and stem and bulb 
diameter (Selvaraj et al, 1993b) and on bulb yield (Selvaraj et al., 1994) on 
the basis of the data of this experiment. Of the doses applied, 75 kg N/ha 
and 62.2 kg K/ha proved best for all the parameters. 
Abbas et al. (1994) performed an experiment at Mandsaur (Madhya 
Pradesh) to study the effect of nitrogen and potassium alone and in 
combination on plant height, cloves per bulb, bulb weight, bulb diameter and 
bulb yield of local variety of garlic. They applied four levels each of 
nitrogen - 0, 50, 100 and 150 kg N/ha and potassium - 0, 30, 60 and 90 kg 
KjO (0, 24.9, 49.8 and 74.7 kg K)/ha, alongwith a uniform dose of 50 kg 
PjOj (21.8 kg P/ha). The individual effect of nitrogen and potassium was 
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significant. However, their interaction effect was non-significant. 
Application of 50 kg N/ha and of 49.8 kg K/ha proved better for most 
characters, including bulb yield. 
Saravanan and Nambisan (1994) observed the effect of 0, 50, 100 
and 150 kg N/ha alongwith a uniform dose of 50 kg ?^0^ (21.8 kg P) + 50 
kg KjO (41.5 kg K)/ha, of 0, 25, 50 and 75 kg ?p^ (0, 10.9, 21.8 and 32.7 
kg P)/ha together with a uniform dose of 100 kg N + 41.5 kg K/ha and of 0, 
25, 50 and 75 kg KjO (0, 20.7, 41.5 and 62.2 kg K)/ha in the presence of a 
uniform dose of 100 kg N + 21.8 kg P/ha on bulb yield and nitrogen, 
phosphorus and potassium uptake in garlic in an experiment conducted at 
Kodaikanal (Tamil Nadu). Additionally, three treatments, i.e. 12.5 and 25.0 
kg/ha zinc sulphate applied in the soil and 0.5% zinc sulphate sprayed at the 
vegetative phase alongwith a uniform dose of 100 kg N + 21.8 kg P + 41.5 
kg K/ha were tested. Increasing doses of nitrogen, phosphorus and 
potassium enhanced bulb yield and nitrogen, phosphorus and potassium 
uptake linearly. Treatments 100 kg N + 32.7 kg P + 41.5 kg K/ha and 100 kg 
N + 21.8 kg P + 41.5 kg K + 25 kg ZnS04 (being at par in their effect on 
most characters) gave higher bulb yield. However, foliar spray of zinc 
sulphate was ineffective. 
Singh et al. (1994b), performing an experiment at Muzaffamagar 
(Uttar Pradesh), studied the effect of three levels of nitrogen (0, 100 and 
200 kg N/ha) alongwith 50 kg P2O5 (21.8 kg P) and 50 kg KjO (41.5 kg K)/ 
ha on plant height; stem diameter; leaf length and number; fresh and dry 
weight; bulb diameter and weight; clove number and diameter and bulb yield 
of Gl strain of garlic. The effect of nitrogen was significant on stem 
diameter, leaf length, clove diameter and bulb yield. Application of 100 kg 
N/ha proved best. The higher dose (200 kg N/ha) was either ineffective or 
deleterious when compared with 100 kg N/ha. 
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Patel et al. (1995) observed the effect of three levels of nitrogen 
(25, 50 and 75 kg N/ha) in the presence of 50 kg PjOj (21.8 kg P) + 50 kg 
KjO (41.5 kg K)/ha on nitrogen content and uptake and bulb yield of garlic 
in an experiment performed at Junagadh (Gujarat). The content and uptake 
of nitrogen and bulb yield increased up to 50 kg N/ha : thereafter a 
decreasing trend was noted. 
Singh et al. (1995) conducted an experiment at Agra (Uttar 
Pradesh) to study the effect of sources and levels of sulphur on content and 
uptake of nitrogen, phosphorus and sulphur in bulbs, as well as, bulb yield of 
garlic. They applied four sources of sulphur (gypsum, elemental sulphur, 
sodium sulphate and potassium sulphate) and four doses of sulphur (0, 25, 
50 and 100 kg S/ha) alongwith a uniform dose of 100 kg N, 60 kg P2O5 
(26.2 kg P) and 60 kg K2O (49.8 kg K)/ha. Among sources of sulphur, 
gypsum and potassium sulphate (being at par) gave maximum values for 
nitrogen content, nitrogen and phosphorus uptake and bulb yield. However, 
the maximum content of phosphorus was recorded with elemental sulphur. 
Application of gypsum and potassium sulphate resulted in the maximum 
values for sulphur content and sulphur uptake respectively. Increasing levels 
of sulphur increased linearly nitrogen, phosphorus and sulphur content as 
well as uptake. However, bulb yield increased with increasing levels of 
sulphur up to 50 kg S/ha. Thereafter, no improvement in bulb yield was 
observed. 
Verma et al. (1996) observed the response of Gl variety of garlic 
to four levels of nitrogen, three levels of phosphorus and two levels of 
potassium, applied in all possible combinations, at Jabalpur (Madhya 
Pradesh). They applied nitrogen at 0, 50, 100 and 150 kg N/ha, phosphorus 
at 0, 40 and 80 kg P2O5 (0, 17.5 and 34.9 kg P)/ha and potassium at 0 and 50 
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kg KjO (0 and 41.5 kg K)/ha. Increasing levels of nitrogen increased linearly 
leaf number, leaf length, leaf width, bulb length and clove number. 
Enhancement in bulb weight, bulb width and bulb yield was found on the 
application of nitrogen up to 100 kg N/ha, above which no improvement was 
observed. However, plant height was maximum with 50 kg N/ha. A gradual 
increase in leaf number, leaf length, bulb weight and bulb length was 
associated with the application of increasing levels of phosphorus. However, 
plant height, leaf width, bulb width and bulb yield were found to be increased 
optimally with 17.5 kg P/ha. A positive effect of potassium was observed on 
leaf length, leaf width, bulb weight, bulb length, bulb width and bulb yield 
only. 
Sadaria et al. (1997a,b) observed the effect of nitrogen and 
phosphorus application on Gl garlic at Junagadh (Gujarat). They applied 
three levels each of nitrogen - 25, 50 and 75 kg N/ha and phosphorus - 25, 
50 and 75 kg P2O5 (10.9, 21.8 and 32.7 kg P)/ha. Application of 50 kg N/ha 
emerged to be the optimum dose in terms of water use efficiency, uptake of 
nitrogen and phosphorus, bulb yield and net return. On the other hand, 
phosphorus application failed to exert consistent influence on these 
parameters. 
2.2.5.3 Leek 
As mentioned earlier (p. 27), no research seems to have been done 
in India on the mineral nutrient requirement of leek as not even a single 
reference has come to the notice of the present author while surveying the 
literature. 
2.3 Concluding remarks 
On examining critically the above cited literature on mineral 
nutrition of the selected alliums under Indian conditions, the noteworthy 
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points that emerge include : 
(i) More attention has been paid to researches on onion than on garlic. 
(ii) Surprisingly no work has been done on leek. 
(iii) Less attention has been focussed on the effect of phosphorus and 
potassium than on the effect of nitrogen. 
(iv) Most studies include the response of the crops to graded levels of 
either nitrogen or phosphorus. 
(v) Work on potassium and sulphur requirement is meagre as is also that 
on combinations of two or more of these four essential nutrients. 
(vi) Only a single study on the differential effect of sources of nutrients 
finds a place in this review. 
(vii) No investigation has been carried out on the foliar nutrition of the 
common alliums. 
(viii) No report cited above pertains to the agro-climate of Aligarh and 
adjoining areas. 
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CHAPTER 3 
MATERIALS AND METHODS 
The present study comprised thirteen field experiments on three 
locally popular varieties of onion {Allium cepa L.) and one each of garlic 
{Allium sativum L.) and leek {Allium porrum L.). The trials were conducted 
during the winter ("rabi") seasons of 1994-98 at the Agriculture-cum-
Botanical Garden of the Aligarh Muslim University, Aligarh. The details of 
the materials and methods are described below. 
3.1 Agroclimatic conditions 
Aligarh district lies in the North-West of Uttar Pradesh in the 
Gangetic plain of North India (Figure 1). Its geographical bearings are: 
27°52' N latitude, 78^51'E longitude and 187.45 m altitude. Its climate is 
sub-tropical and semi-arid with cold winters and hot dry summers. The 
winter extends from the middle of October to the end of March. December 
and January are the coldest months. The average temperature of the former 
is 15°C and of the latter, 13°C. The extreme minimum record for any single 
day is 2 and 0.5°C for the respective months. The summer extends from 
April to the end of June. The mean temperature for May and June, the 
hottest months, is 34.5 and 34''C and the extreme maximum record is 45°C 
for May and 45.5°C for June (Figure 2). The average annual rainfall is 847.3 
mm. Of the total precipitation, more than 85% occurs during June to 
September and some 10% in winter (Figure 3). Winter rains are useful for 
"rabi" crops. The yearly average of maximum and minimum relative humidity 
recorded at Aligarh is 68.5 and 44.1% respectively. The monthly average 
increases on the onset of monsoon and reaches its maximum (81.3%) in 
August. A decrease in the monthly average occurs during the summer 
season, declining to 31.5% in May (Figure 4). 
FIGURE 1. SKETCH MAP OF INDIA SHOWING VARIOUS 
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Aligarh has the same soil appearance and composition as that found 
in the plains of western Uttar Pradesh. Various types of soil, namely sandy, 
loamy, sandy loam and clayey loam are found in the district. 
3.2 Preparation of field 
Before sowing, the experimental field was ploughed thoroughly to 
turn the soil for maximum aeration. Standard agricultural practices required 
for allium cultivation were employed. Finally, small plots of 10 sq m (4x2.5 
m) were prepared according to the design of the experiment. To each plot 
farmyard manure was added at the rate of 20 t/ha as recommended by 
Randhawa(1992). 
3.3 Soil characteristics 
In each experiment, small soil samples were collected from each 
plot up to a depth of about 10-15 cm before transplanting or sowing. These 
were mixed thoroughly to get a composite sample. The soil samples were 
analysed for their texture, pH, E.C., available nitrogen, phosphorus, 
potassium and sulphur according to Trivedy and Goel (1984). Calcium 
carbonate was assessed following the method of Dewis and Freitas (1984). 
The physico-chemical properties of the soil for each experiment are given 
in Table 1. 
3.4 Cultural practices 
The three varieties of onion, namely Nasik Red, Poona Red and 
White Globe and one each of garlic (white) and leek (Suttons Prizetaker), 
were cultivated in the field employing standard agricultural procedures. For 
onion and leek, nurseries were prepared from authentic seeds after these 
were sterilised with ethanol. Vigorously growing 45 d old seedlings of 
uniform size of onion and leek were transplanted at the rate of 70 and 40 
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seedlings per sq m respectively in the experimental plots, followed by a light 
irrigaiton. In the case of garlic, 500 cloves of uniform size were sown 
directly in each 10 sq m plot, followed by a light irrigation. Two weedings 
were undertaken. Subsequent irrigations were given as and when required. 
The last irrigation was given 3 d before harvesting each crop. The spathes of 
all three varieties of onion were cut away, as soon as they appeared to 
ensure proper storage in the bulbs. The onion crop was harvested when 70% 
of the tops had dried. The garlic crop was harvested when the leaves started 
turning brownish or yellowish and showed signs of drying up. However, leek 
was harvested when the diameter of its pseudostem exceeded 12.5 mm. The 
harvesting of each crop was performed by digging up entire plants. While 
the fresh weight of leek was measured immediately, plants of onion were 
kept for a week and those of garlic, for 2 d in the open under shade for 
curing which rendered the bulbs firm and dry. After curing, total biological 
yield and yield of bulbs of onion and garlic were determined separately 
(Chauhan, 1968; Brewster, 1994). 
3.5 Methods of nutrient application 
The nutrients were applied either (i) to soil or (ii) to soil as well 
as to foliage. When the latter method was adopted,the amount of soil 
treatments was adjusted considering the doses of foliar nitrogen and 
phosphorus. The soil application of the nutrients was accomplished by 
applying half of nitrogen and full of phosphorus and potassium by 
broadcasting over the plots at the time of transplanting or sowing. The 
remaining half of nitrogen was top-dressed after 30 d of transplantation or 
sowing (Chauhan, 1968). The foliar application of nutrients was made in the 
form of spray of dilute aqueous solution in two equal splits, i.e. half at 95 d 
and the remaining half at HO d after transplanting in case of onion and leek. 
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In the case of garlic, half of the foliar dose was applied at 130 d and the 
remaining half at 145 d after sowing. 
3.6 Sources of nutrients 
The sources of soil-applied nitrogen, phosphorus and potassium 
were urea, diammonium phosphate and muriate of potash respectively. 
However, the amount of nitrogen in diammonium phosphate was kept in 
mind while calculating the required quantity of urea. The leaf-applied 
nitrogen, phosphorus and sulphur were in the form of urea, sodium 
dihydrogen orthophosphate and sodium sulphate respectively. In foliar 
treatments of Experiments 11-13, diammonium phosphate was used as 
source of phosphorus and monocalcium superphosphate (single 
superphosphate), as source of both phosphorus and sulphur in addition to 
the above sources of these nutrients. The amount of nitrogen in diammonium 
phosphate and phosphorus in single superphosphate was, however, adjusted 
while calculating the required amount of urea and diammonium phosphate 
for nitrogen and phosphorus respectively. 
The details of the thirteen experiments undertaken are given below. 
3.7 Experiments 1, 2 and 3 
Experiments 1, 2 and 3 were of an exploratory nature. They were 
conducted concurrently on onion, garlic and leek respectively during 1994-
95. The aim of these experiments was to test the relative efficacy of 
selected combinations of soil-applied nitrogen, phosphorus and potassium 
so as to establish the best combination of these nutrients for each crop 
under agro-climatic conditions of Aligarh. The data of these trials were 
expected to form the basis of the remaining ten experiments. 
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Experiment 1 was performed on three varieties of onion, namely 
Nasik Red, Poona Red and White Globe. The nursery was raised on 24 
October. 1994. Five combinations of soil-applied nitrogen, phosphorus and 
potassium were selected for this trial (Table 2). The design of the 
experiment was factorial randomised. The crop was harvested on 22 April,, 
1995. 
Experiment 2 was carried out on the white variety of garlic. Six 
combinations of soil-applied nitrogen, phosphorus and potassium (Table 3) 
were applied to the plots. The cloves were sown on 25 October, 1994. The 
design of the experiment was simple randomised. The crop was harvested on 
13 April, 1995. 
Experiment 3 was conducted on Suttons Prizetaker variety of leek 
by transplanting from a nursery prepared on 25 October, 1994. The six 
combinations of soil-applied nitrogen, phosphorus and potassium and design 
of the experiment were the same as in Experiment 2 (Table 4). The crop was 
harvested on 23 April, 1995. 
3.8 Experiments 4, 5, 6 and 7 
Experiments 4 and 5 were performed on onion simultaneously with 
Experiments 6 and 7 on garlic and leek respectively during 1995-96. These 
experiments were planned (i) to confirm the results of the preceding trials 
and (ii) to test whether or not yields could be augmented further by 
exploiting the technique of foliar feeding. 
Experiment 4 was conducted on Nasik Red and White Globe 
varieties of onion that showed better interactive performance in 
Experiment 1. 
To attain the two aims of this trial, a two-pronged approach was 
adopted (i) slight variation was made in the soil-applied nitrogen, 
Table 2. Summary of Experiment 1 on three varieties of onion 
Treatments Varieties 
(kg/ha) Nasik Red Poona Red White Globe 
^NOPOKO (Control) 
'^N40P8K30 
Q 
'^ N80P16K60 
'^ N120P24K90 
C 
'^N160P32K120 
S = soil application 
Treatments : 5 
Varieties : 3 
Replicates 3 
Table 3. Summary of Experiment 2 on garlic (white variety) 
Treatments 
(kgAia) 
^NOPOKO (Control) 
Q 
'^N30P6K20 
'^N60P12K40 
^N90P18K60 
Q 
'^N120P24K80 
C 
'^ NISOPSOK.IOO 
S = soil application 
Treatments 6 
Variety : 1 
Replicates : 3 
Table 4. Summary of Experimem 3 on Suttons Prizetaker variety of leek 
Treatments 
(kg/ha) 
^NOPOKO (Control) 
'^N30P6K20 
^N60PI2K40 
^N90P18K60 
Q 
'^ N120P24K80 
C 
"^ NlSOPaOKlOO 
S = soil application 
Treatments : 6 
Variety : 1 
Replicates : 3 
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phosphorus and potassium doses and (ii) dilute nitrogen and phosphorus 
solutions were used for supplemental foliar spray. 
Only three combinations of soil-applied nitrogen, phosphorus and 
potassium were selected, retaining S^I2OP24K90' ^^^ treatment that proved 
best in Experiment 1. In addition, a new combination (Sjg,Q0P20K75) ^" 
between the optimum and S^ gQp,^ ^^ Q and another (Si^ j4Qp2gK.io5) *" between 
the optimum and S j^^ Qpjjj^ jjo of Experiment 1 were added so as to narrow 
down the range of soil-applied nutrients for the sake of precision. The other 
aim (maximisation of yield) was sought to be achieved through foliar 
applicaiton of 20 kg/ha nitrogen and/or 2 kg/ha phosphorus on plants grown 
with these three combinations. For comparison, each of the three selected 
soil-applied treatments was sprayed with de-ionised water to act as control. 
Thus, there were three sets of four treatments each as shown in Table 5. The 
design of the experiment was factorial randomised. 
The nursery was started on 27 October, 1995 and the crop was 
harvested on 25 April, 1996. 
Keeping the two objectives of Experiment 4 in view, Experiment 5 
was planned on Poona Red, the onion variety showing poor interactive 
performance in Experiment 1. As Poona Red responded best to SjggQp,^ j,gQin 
Experiment 1, this and two new treatments (SJ^6OPI2K45 ^"^ ^NIOOP20K75) ^^^^ 
selected and split into soil and foliar as explained in Experiment 4 above 
(Table 6). The design of the experiment was simple randomised. The seeds 
were sown in the nursery on 28 October, 1995 and the crop was harvested 
on 26 April, 1996. 
Experiment 6 was performed on the white variety of garlic 
according to a simple randomised block design. As in the last two 
experiments, confirmation of the result of Experiment 2 and efficacy of 
split (soil plus foliar) application were aimed at. The best combination of 
Table 5. Summary of Experiment 4 on two varieties of onion 
Treatments 
(kg/ha) 
Varieties 
Nasik Red White Globe 
'N100P20K75 * W + F ^ (Control 1) 
S + F 
'^N80P20K75 ^N20 
S + F 
'^N100P18K75 ^P2 
^N80P18K75 "*" ^N20P2 
'N120P24K90 * W + F ^ (Control 2) 
^N100P24K90 "*" ^N20 
^N120P22K90 "*" ^P2 
^N100P22K90 "*" ^N20P2 
'N140P28K105 ^ W + ¥yj, (Control 3) 
<i + F 
'^N120P28K105 ^N20 
^N140P26K!05 "*" ^P2 
^N120P26K105'^ ^N20P2 
S = soil application F = foliar application 
Treatments : 12 
Varieties 
Replicates 
Table 6. Summary of Experiment 5 on Poona Red variety of onion 
Treatments 
(kg/ha) 
S N 6 0 P 1 2 K 4 5 ' * ' f w (Control 1) 
S + F 
'^N40P12K45 ^N20 
^N60P]0K45"^ ^ P2 
'^N40P10K45 ^N20P2 SN80P16K60 "^ ^W (Control 2) 
S + F 
•^ NeOPieKGO ^N20 
^N80P14K60 "^  ^P2 
^N60P14K60 "*" ^N20P2 
SN100P20K75 "^ ^W (Control 3) 
S + F 
'^N80P20K75 ^N20 
^N100P18K75 "*" ^P2 
^N80P18K75''"f^N20P2 
S = soil application F = foliar application 
Treatments 12 
Variety 1 
Replicates : 3 
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Experiment 2 (Sj^ QOPiSKbO^  formed the basis of this trial, with two additional 
soil-applied treatments (S^ j^pijj^ jQ and SJ^,Q5P2,,.7Q) being added, as in 
Experiments 4 and 5. Table 7 summarises the treatments given. The cloves 
were sown on 29 October, 1995 and the crop was harvested on 17 April, 
1996. 
Experiment 7 was undertaken on leek variety Suttons Prizetaker 
according to a simple randomised block design. The seeds were sown in the 
nursery on 29 October, 1995 and the crop was harvested on 27 April, 1996. 
The aim of the experiment being the same as those of Experiments 4, 5 and 
6, the best combination (SN)2OP24K8O) "^ted in Experiment 3 and two 
additional treatments (Sjg|05P2iK70^"^ ^NI35P27K9O) were tested together with 
supplemental spray of nitrogen and phosphorus (Table 8). 
3.9 Experiments 8, 9 and 10 
Experiments 8, 9 and 10 were undertaken concurrently on onion, 
garlic and leek respectively during 1996-97 with the aim (i) to confirm the 
main results of the preceding year and (ii) to test if addition of a small 
quantity of sulphur in the spray containing nitrogen and/or phosphorus would 
improve the yields further as these are sulphur-rich crops. 
Experiment 8 was carried out, retaining the two better yielding 
onion varieties, namely Nasik Red and White Globe (Experiment 4) and 
discarding Poona Red (Experiment 5) on economic consideration. Onion 
seeds were sown in the nursery on 30 October, 1996 and the crop was 
harvested on 28 April, 1997. The best soil-applied dose (S^,2OP24K9O) ^"^ ^^ ^ 
combinations with foliar nitrogen (Fj^ 2o) ^"^ phosphorus (Fpj) that gave 
good results in Experiment 4 were retained in this experiment so that results 
of the preceding year could be confirmed. In addition, a small quantity of 
sulphur (2 kg S/ha) was also included in the scheme of spray treatments. In 
Table 7. Summary of Experiment 6 on white variety of garlic 
Treatments 
(kg/ha) 
SN75P15K50 + Fw(<^°"t^o") 
^NSSPISKSO"*" *^N20 
'^ NSSPISKSO ^N20P2 
^N90P18K60 + Pw(^°"* '"° '2) 
S + F 
-^wyuubktjU "*" ^wr 
^N70P16K60 "'' *^N20P2 
SN105P21K70'^fw('^''"^'"o'-') 
S + F 
'^N85P2IK70 ^N20 
S 4- F 
'^ N105P19K70 ^P2 
S +F 
'^ N85P19K70 ^M20P2 
S = soil application F = foliar application 
Treatments 
Variety 
Replicates 
: 12 
: 1 
: 3 
Table 8. Summary of Experiment 7 on Suttons Prizetaker variety of leek 
Treatments 
(kg/ha) 
S N 1 0 5 P 2 1 K 7 0 + P W ( < ^ ° " ^ ^ ° ' 1 ) 
S + F 
'^N85P21K70 ' ^mo 
S + F 
'^N105PI9K70 ^P2 
^N85PI9K70 "^  ^N20P2 
SxinoP^iKsn + F w (Control 2) 
S + F 
'^N100P24K80 ^N20 
\ l20P22K80 "^  ^P2 
S + F 
'^NI00P22K80 ^N20P2 
^N135P27K90^Pw(<^O"^™'3) 
S + F 
'^N115P27K90 ^N20 
S 4- F 
'^N135P25K90 ^P2 
S +F 
'^N115P25K90 ^N20P2 
S = soil application F == foliar application 
Treatments : 12 
Variety : 1 
Replicates : 3 
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all there were eight treatments (Table 9). The design of the experiment was 
factorial randomised. 
Experiment 9 was performed on the white variety of garlic. The 
doses of nutrients were based on the data of Experiment 6. Like Experiment 
8 on onion, the best among the soil-applied combinations (S 9^Qp,8j;^ Q + F^) 
was selected as control. The treatment comprised the more efficacious split 
combinations of Experiment 6, viz. S^ ^^ p^ ^^ (^J + F^^^, S^ ^^ p^ ^^ ^^ ^ + Fp^ and 
^N70Pi6K60 "^  N^20P2 ^^'^^^ retained. In addition, 2 kg S/ha was also included in 
the scheme of the spray treatments. There were in all eight treatments (Table 
10). The cloves were sown on 31 October, 1996 according to a simple 
randomised block design and the crop was harvested on 19 April, 1997. 
Experiment 10 was conducted on Suttons Prizetaker variety of leek 
according to a simple randomised block design. The seeds of leek were 
sown in the nursery on 31 October, 1996. As in Experiments 8 and 9, the 
best soil-applied dose (S^,2OP24K8O) ^"^ '^ ^ foliar combinations selected on 
the basis of the data of Experiment 7, were included in the scheme of this 
experiment. In addition, 2 kg S/ha was included in spray treatments to test if 
yields could be enhanced further. There were thuS eight Tl-eatments (Table 
11). The crop was harvested on 29 April, 1997. ^ 1^53 3n ^ \ 
: I \cc No ^'1 
3.10 Experiments 11, 12 and 13 ; / ' 
Experiments 11, 12 and 13 were perforrtigci ^iirifig T§9^-98 on 
onion, garlic and leek respectively. These were based on the data obtained in 
the last season (1996-97). The aim of these experiments was (i) to confirm 
the data of the preceding year and (ii) to compare the efficacy of the 
laboratory grade sources of leaf-applied phosphorus and sulphur employed 
in the previous experiments with two commercial grade (less expensive) 
sources of phosphorus and one of sulphur and thereby to test if the 
technique could be made more cost effective. 
Table 9. Summary of Experiment 8 on two varieties of onion 
Treatments 
(kg/ha) 
Varieties 
Nasik Red White Globe 
S N I 2 0 P 2 4 K 9 0 ' ^ P W (Control) 
S + F 
'^\100P24K90 ^N20 
S + F 
'^M20P22K90 ^P2 
S + F 
•^M20P24K:90 ^ S 2 
S + F 
'^M00P22K.90 ^N20P2 
S + F 
'^\100P24K.90 ^N20S2 
S + F 
'^N120P22K90 ^P2S2 
S + F 
'^M00P22K90 ^N20P2S2 
S = soil application F = foliar application 
Treatments : 8 
Varieties 
Replicates : 3 
Table 10. Summary of Experiment 9 on white variety of garlic 
Treatments 
(kg/ha) 
SN90P18K60 + P W (Control) 
S + F 
'^ N70P18K60 ^N20 
<i + F 
'^ N90P16K60 ^P2 
^N90P18K60 "^  ^S2 
S + F 
'^N70PI6K60 ^N20P2 
S + F 
'^ N70P18K60 '^N20S2 
<5 + F 
'^N90PI6K60 '^P2S2 
S + F 
'^N70PI6K60 ^N20P2S2 
S = soil application F = foliar application 
Treatments : 8 
Variety : 1 
Replicates : 3 
Table 11. Summary of Experiment 10 on Suttons Prizetaker variety of leek 
Treatments 
(kg/ha) 
S N 1 2 0 P 2 4 K 8 0 ' * ' P W ( < ^ O " ^ ' " O ' ) 
S + F 
'^NI00P24K80 '^N20 
S + F 
'^N120P22K80 ^ P 2 
^N120P24K80 " ^ ^ 8 2 
^N100P22K80 "*" ^N20P2 
S + F 
'^N100P24K80 '^N20S2 
^N120P22K80 "*" ^P2S2 
<\ + F 
'^N100P22K80 ^N20P2S2 
S = soil application F - foliar application 
Treatments : 8 
Variety : 1 
Replicates : 3 
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Experiment 11 was undertaken on the same two better yielding 
varieties of onion (Nasik Red and White Globe) as in Experiments 4 and 8. 
The seeds of these varieties were sown in the nursery on 25 October, 1997 
and the crop was harvested on 23 April, 1998. To test the first aim stated 
above, the two better proving soil plus foliar combinations SJ^ |QQP22K9O + 
FN20P2 ^"^ ^NiooP22K9o "^  PN20P2S2 together with the soil-applied dose 
^Ni20P24K90 spraycd with deionised water (control) of Experiment 8 were 
selected for this experiment. For the second aim, the inexpensive 
commercial grade diammonium phosphate as source of phosphorus and 
single superphosphate as source of both phosphorus and sulphur were 
included in foliar treatments against the laboratory grade sources of leaf-
applied phosphorus and sulphur, i.e. sodium dihydrogen orthophosphate and 
sodium sulphate respectively. There were in all six treatments (Table 12). 
The design of the experiment was factorial randomised. 
Experiment 12 was performed on the same white variety of garlic 
as tested in Experiments 2, 6 and 9. The cloves were sown on 26 October, 
1997 and the crop was harvested on 14 April, 1998. This experiment was 
planned on the same lines as Experiment 11. The two better proving soil and 
foliar combinations S^ ^^ pi^ ^^ Q + FN2OP2 and S^70p,^ K60+ F 2^0P2S2, together 
with the soil-applied dose Sjg^ Qpjgj^ Q^ sprayed with deionised water (control) 
of Experiment 9, were selected as a part of scheme of this experiment. As 
in the last experiment, treatments containing leaf-applied inexpensive 
sources of phosphorus and sulphur were included for comparison with those 
of the laboratory grade ones. In all, there were six treatments (Table 13). 
The design of the experiment was simple randomised. 
Experiment 13 was carried out on the same variety of leek, i.e. 
Suttons Prizetaker as in Experiments 3, 7 and 10. The seeds were sown in 
the nursery on 26 October, 1997 and the crop was harvested on 24 April, 
Table 12. Summary of Experimem 11 on two varieties of onion 
Treatments Varieties 
(kg/ha) Nasik Red White Globe 
S N ! 2 0 P 2 4 K 9 0 ^ P W ( < ^ O " ' ^ O ' > 
'^N100P22K90 ^N20P2 
^N100P22K90 "^  ^N20P2 (DAP) 
'^N100P22K90 ^N20P2S2 
S + F 
'^M00P22K90 ^N20P2(DAP)S2 
S + F 
'^NI00P22K90 ^N20P2(DAP)S2(SSP) 
S = soil application F = foliar application 
DAP = diammonium phosphate SSP = single superphosphate 
Treatments : 6 
Varieties : 2 
Replicates : 3 
Table 13. Summary of Experiment 12 on white variety of garlic 
Treatments 
(kg/ha) 
SN90P18K60'^Fw(C°"t™') 
S + F 
'^N70P16K60 ^N20P2 
S + F 
'^N70PI6K60 ^N20P2 (DAP) 
S + F 
'^N70P16K60 ^N20P2S2 
S + F 
'^N70P16K60 ^N20P2(DAP)S2 
S + F 
'^N70PI6K60 ^N20P2(DAP)S2(SSP) 
S = soil application F = foliar application 
DAP = diammonium phosphate SSP = single superphosphate 
Treatments : 6 
Variety : 1 
Replicates : 3 
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1998. The treatments in this experiment were selected on the same lines as 
were those in the last two experiments. Thus, the two better proving 
treatments Sj^ ,oop22K8o + ^mopi ^nd SNIOOP22K8O + FN20P2S2 along with the 
soil-applied dose SJ^ ,2OP24K80 sprayed with deionised water (control) of 
Experiment 10 were chosen. The leaf-applied inexpensive sources of 
phosphorus and sulphur were the same. In all, this experiment also had six 
treatments (Table 14). The design of the experiment was simple randomised. 
3.11 Sampling techniques 
The samples from each plot were collected randomly at three 
stages (45, 90 and 135 d after sowing cloves) in Experiment 2, at two stages 
(45 and 90 d after transplantation) in Experiments 1 and 3 and at one stage 
only (155 d after sowing the cloves, in Experiments 6, 9 and 12 and after 
120 d of transplantation in Experiments 4, 5, 7, 8, 10, 11 and 13) for 
assessing growth performance, enzyme activity and leaf nitrogen, 
phosphorus, potassium and sulphur status. The yield response of each of the 
three crops was studied at their respective harvest. 
3.11.1 Growth parameters 
Growth performance of each crop was assessed by sampling three 
plants randomly from each plot. The following growth parameters 
constituted the basis of the assessment: 
(i) Shoot length per plant 
(ii) Leaf number per plant 
(iii) Leaf area index 
(iv) Fresh weight per plant 
(v) Dry weight per plant 
While (i), (ii), (iv) and (v) were measured directly, (iii) above was 
computed as described below. 
Table 14. Summary of Experiment 13 on Suttons Prizetaker variety of leek 
Treatments 
(kg/ha) 
S N 1 2 0 P 2 4 K 8 0 ' ^ F W ( < ^ ° " ^ ' ' O ' ) 
'^NI00P22K80 ^N20P2 
^N100P22K80'^ ^N20P2(DAP) 
^NI00P22K80 "^  ^N20P2S2 
S + F 
'^N100P22K80 ^N20P2(DAP)S2 
S + F 
''NI00P22K80 ^N20P2(DAP)S2(SSP) 
S = soil application F = foliar application 
DAP = diammonium phosphate SSP = single superphosphate 
Treatments : 6 
Variety : 1 
Replicates : 3 
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3.11.1.1 Determination of leaf area index 
Leaf area index (LAI) was obtained by adopting the following 
formula (Watson, 1958): 
Leaf area 
LAI = 
Ground area 
3.11.2 Enzyme activity 
Carbonic anhydrase (E.C. 4.2.1.1), a key enzyme that catalyses the 
reversible hydration of carbon dioxide (COj) to give the bicarbonate ion 
(HCO3-), 
up + CO2 ^ "^  H+ + HCO3-
was assayed in fresh leaves of each of the three crops. 
3.11.2.1 Estimation of carbonic anhydrase activity 
Enzyme activity was measured by the method of Dwivedi and 
Randhawa(1974). 
Three fresh leaves from each plot were sampled randomly and cut 
into small pieces (1 cm )^ at temperature below 25°C. After mixing them, 
200 mg leaf pieces were weighed and cut further into smaller pieces (2-3 
mm length) keeping them in 10 ml 0.2 M aqueous cysteine hydrochloride 
solution in a petridish at 0 to 4°C. The solution adhering at the cut surfaces 
was then removed with the help of a blotting paper. This was followed by 
transfer immediately to a test tube having 4 ml 0.2 M phosphate buffer pH 
6.8. To this, 4 ml 0.2 M sodium bicarbonate in 0.02 M sodium hydroxide 
solution and 0.2 ml 0.002% alcoholic bromothymol blue solution were 
added. After shaking, the tube was kept at 0-4°C for 20 minutes. 
Carbon dioxide liberated during catalytic action of enzyme on 
sodium bicarbonate was estimated by titrating the reaction mixture against 
0.05 A^  hydrochloric acid, using 0.1% alcoholic methyl red solution. A 
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control, without leaf pieces, was also titrated against 0.05 N hydrochloric 
acid. The difference of the sample reading and the control reading was noted 
for further calculation of enzyme activity. The activity of the enzyme was 
expressed in ^ mol COj / kg leaf fresh matter / s. 
3.11.3 Nitrogen, phosphorus, potassium and sulphur content of leaves 
Nitrogen, phosphorus, potassium and sulphur were estimated in 
dried powder of leaves sampled randomly from each plot. 
3.11.3.1 Estimation of nitrogen, phosphorus and potassium content of 
leaves 
For estimation of these nutrients, the leaf powder was first 
digested according to the following technique : 
3.11.3.1.1 Digestion 
100 mg oven-dried leaf powder was transferred to a 50 ml Kjeldahl 
flask to which 2 ml sulphuric acid was added. The flask was heated on a 
temperature controlled assembly for about two hours to allow complete 
reduction of nitrate present in the plant material by the organic matter itself. 
As a result, the contents of the flask turned black. After cooling the flask 
for about 15minutes, 0.5 ml 30% hydrogen peroxide was added drop by drop 
and the contents were heated again till the colour changed from black to 
light yellow. After the flask was allowed to cool for 15 minutes, 3 to 4 
drops of 30% hydrogen peroxide were again added to it, followed by heating 
for another 15 minutes. The addition of 30% hydrogen peroxide followed 
by heating, was repeated until the contents of the flask became colourless. 
The peroxide digested material was transferred from the Kjeldahl flask to a 
100 ml volumetric flask with three washings each with 5 ml double distilled 
water. The volume of the flask was then made up to the mark with double 
distilled water. 
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3.11.3.1.2 Nitrogen 
Nitrogen content was determined by adopting the method of 
Lindner (1944). A 10 ml aliquot of digested material was taken in a 50 ml 
volumetric flask. To this, 2 ml 2.5 N sodium hydroxide and 1 ml 10% 
sodium silicate solutions were added to neutralise the excess of acid and to 
prevent turbidity respectively. The volume of the solution was made up to 
the mark with double distilled water. Then,5 ml of this solution was taken in 
a 10 ml graduated test tube to which 0.5 ml Nessler's reagent was added. 
The contents of the test tube were allowed to stand for 5 minutes for 
maximum colour development. The solution was transferred to a 
colorimetric tube and the per cent transmittance was read at 525 nm, using a 
blank on a Bausch & Lomb "Spectronic 20" colorimeter. The reading of each 
sample was compared with a standard curve and nitrogen content was 
expressed as percentage of dry weight. 
50 mg ammonium sulphate was dissolved in sufficient double 
distilled water and the final volume was made up to 1,000 ml with double 
distilled wlater. From this solution, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 
and 1.0 ml aliquots were transferred separately to ten test tubes. The 
solution in each test tube was diluted to 5 ml with double distilled water 
followed by addition of 0.5 ml Nessler's reagent. After waiting for 5 
minutes, when the maximum colour developed, the per cent transmittance 
was read at 525 nm, using a blank on a Bausch & Lomb "Spectronic 20" 
colorimeter. The standard curve was drawn on the basis of concentrations of 
ammonium sulphate versus their respective optical density. 
3.11.3.1.3 Phosphorus 
Phosphorus content in the digested material was estimated by 
adopting the method of Fiske and Subba Row (1925). A 5 ml sample of 
digested material was taken in a graduated test tube to which 1 ml molybdic 
acid reagent obtained by dissolving 1.25 g ammonium molybdate in 175 ml 
double distilled water followed by the addition of 75 ml 10 A^  sulphuric acid 
was added carefully. The addition of 0.4 ml l-amino-2-naphthol-4-
sulphonic acid (500 mg reagent in 195 ml 15% sodium bisulphite plus 5 ml 
20% sodium sulphite) followed. After development of blue colour, the 
volume was made up to 10 ml with the help of double distilled water. The 
solution was shaken for 5 minutes and then transferred to a colorimetric 
tube. The per cent transmittance was read at 620 nm, using a blank, on a 
Bausch & Lomb "Spectronic 20" colorimeter. The reading of each sample 
was compared with a standard curve and phosphorus content was expressed 
as percentage of dry weight. 
In a 1,000 ml volumetric flask, 351 mg potassium dihydrogen 
orthophosphate was dissolved in sufficient double distilled water followed 
by addition of 10 ml 10 JV sulphuric acid. The final volume was then made 
with double distilled water. From this solution, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 
0.7, 0.8, 0.9 and 1.0 ml aliquots were taken separately in ten test tubes. The 
volume in each test tube was made up to 10 ml with double distilled water. 
In each test tube, 1 ml molybdic acid was added, followed by the addition of 
0.4 ml l-amino-2-naphthol-4-sulphonic acid. After shaking, the contents of 
the tube were transferred to a colorimetric tube. The per cent transmittance 
was read at 620 nm, using a blank, on a Bausch & Lomb "Spectronic 20" 
colorimeter. The standard curve was plotted with the help of potassium 
dihydrogen orthophosphate concentrations and their respective optical 
density. 
3.11.3.1.4 Potassium 
Potassium was estimated flame photometrically. A 10 ml sample 
of the digested material was run. using a blank, on a AIMIL "Fotoflame" 
flamephotometer using the filter for potassium. The reading of each sample 
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was compared with a standard curve and potassium content was expressed as 
percentage of dry weight. 
1.91 g potassium chloride was dissolved in sufficient double 
distilled water and the final volume was made 100 ml with double distilled 
water. 1 ml of this solution was diluted to 1,000 ml. The resulting solution 
contained 10 ppm K. From this stock solution,!, 2, 3, 4, 5, 6, 7, 8, 9, and 10 
ml aliquots were pipetted out in 10 separate vials. The volume of each vial 
was made up to 10 ml by adding double distilled water. The solution in each 
vial was run separately, using a blank, on a AIMIL "Fotoflame" flame 
photometer. A standard curve was prepared with the help of the 
concentrations of potassium chloride solution and their respective reading 
on the galvanometer of the photometer. 
3.11.3.2 Estimation of sulphur 
Sulphur was estimated by adopting the method of Patterson (1958). 
300 mg oven-dried leaf powder was digested with 0.1 ml 8.2% selenium 
dioxide solution, 10 ml nitric acid, 1 ml hydrochloric acid and 508 mg 
sodium chloride for 30 minutes, followed by evaporation to dryness. To the 
hot residue, 2 ml 2.9 N hydrochloric acid was added and the mixture was 
re-evaporated to dryness. The last treatment was repeated twice to ensure 
reduction of nitrates. Finally, 25 ml double distilled water and 1 ml 2.9 A^  
hydrochloric acid were added. The contents were allowed to boil, followed 
by filtration. 
The filterate was collected in a 100 ml volumetric flask to which 
10 ml 3% glycerol and 5 ml 2% barium chloride in 2% hydrochloric acid 
were added. The volume of the flask was made up to the mark with double 
distilled water. The reading was recorded after maximum colour 
development at 420 nm, using a blank, with the help of Bausch & Lomb 
"Spectronic 20" colorimeter. The reading of each sample was compared with 
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a standard curve and sulphur content was expressed as percentage of dry 
weight. 
544 mg potassium sulphate was dissolved in sufficient double 
distilled water and the final volume was made up to 1,000 ml. The resultant 
solution contained 100 ppm S. From this solution, 2, 4, 6,8, 10, 12, 14, 16, 
18 and 20 ml aliquots were transferred to ten different 100 ml volumetric 
flasks separately. To each flask, 10 ml 3% glycerol and 5 ml 2% barium 
chloride were added. The final volume of the flask was made up with double 
distilled water. The per cent transmittance was read at 420 nm after 
maximum colour development using a blank, on a Bausch & Lomb 
"Spectronic 20" colorimeter. A standard curve was plotted with the help of 
the different dilutions of potassium sulphate taken and their respective 
optical density. 
3.11.4 Yield characteristics 
The yield performance of the crops was studied by uprooting three 
plants from each plot randomly at harvest. For total yields, each plot was 
harvested separately. The following yield characteristics (crop-wise) were 
studied for their yield assessment : 
(a) Onion 
(i) Bulb diameter 
(ii) Weight per bulb 
(iii) Bulb yield 
(iv) Harvest index 
(b) Garlic 
(i) Bulb diameter 
(ii) Weight per bulb 
(iii) Clove number per bulb 
(iv) 100-clove weight 
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(v) Bulb yield 
(vi) Harvest index 
(c) Leek 
(i) Shoot length per plant 
(ii) Pseudo-stem diameter 
(iii) Fresh weight per plant 
(iv) Total fresh matter yield 
3.11.4.1 Determination of harvest index 
The proportion of biological yield represented by economic yield 
is called harvest index. It was calculated according to the following formula: 
Economic yield 
Harvest index 
Biological yield 
3.12 Statistical analysis 
All experimental data were statistically analysed by adopting the 
analysis of variance technique according to Gomez and Gomez (1984). In 
applying the 'F' test, the error due to replicates was also determined. When 
'F' value was found to be significant at 5% level of probability, critical 
difference (CD) was calculated. The models of analysis of variance are given 
in Table 15. ' 
Table 15. Models of the analysis of variance 
Source of variation OT SS MSS 
Experiment 1 (Factorial randomised biocic design) 
Replications 2 
Treatments (T) 4 
Varieties (V) 2 
TxV 8 
Error 28 
Total 44 
Experiments 2 and 3 (Simple randomised block design) 
Replications 2 
Treatments 5 
Error 10 
Total 17 
Experiment 4 (Factorial randomised block design) 
Replications 2 
Treatments (T) 11 
Varieties (V) 1 
TxV n 
Error 46 
Total 71 
Experiments 5-7 (Simple randomised block design) 
Replications 2 
Treatments 11 
Error 22 
Total 35 
Experiment 8 (Factorial randomised block design) 
Replications 2 
Treatments (T) 7 
Varieties (V) 1 
TxV 7 
Error 30 
Total 47 
Experiments 9 and 10 (Simple randomised block design) 
Replications 2 
Treatments 7 
Error 14 
Total 23 
Experiment 11 (Factorial randomised block design) 
Replications 2 
Treatments (T) 5 
Varieties (V) 1 
TxV 5 
Error 22 
Total 35 
Experiments 12 and 13 (Simple randomised block design) 
Replications 2 
Treatments 5 
Enror 10 
Total 17 
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CHAPTER 4 
EXPERIMENTAL RESULTS 
The results of the thirteen field experiments detailed in Chapter 3 
are described stage-wise in this chapter (Tables 16-108). 
4.1 Experiments 1, 2 and 3 
In these experiments, the allium crops were grown with selected 
combinations of soil-applied nitrogen, phosphorus and potassium. An 
experiment-wise resume of results (Tables 16-36) is given below. 
4.1.1 Experiment 1 
It was performed according to a factorial randomised block design 
on three varieties of onion grown with five soil-applied combinations of 
these nutrients (Table 2). In a nutshell, treatment SJ^]20P24K90 ^^^ variety 
Nasik Red, alone as well as in combination, proved best for most 
parameters. The important results (Tables 16-26) are briefly described in 
the following pages.. 
4.1.1.1 Growth parameters 
The effect of nutrient combinations on all growth characteristics, 
varietal differences (except leaf number at 45 d) and interaction effects 
between the combinations and varieties were found significant at 45 and 
90 d (Tables 16-20). In what follows, a concise account of each of the five 
growth characteristics is given. 
4.1.1.1.1 Shoot length per plant 
An increase in shoot length with increasing levels of fertility' up to 
^Ni20P24K90 ^^^ obscrvcd at both growth stages. However, shoot length 
decreased after this level at each stage. This treatment showed 57.6 and 
76.6% better effect on shoot length than the no-nutrient control at 45 and 
90 d respectively. 
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Variety White Globe had taller plants at both stages. It was 
followed by Poona Red at 45 d and Nasik Red at 90 d. White Globe had 2.9 
and 24.9% taller plants at 45 and 90 d respectively than Poona Red which 
attained the poorest height at the second stage. 
Interaction effect of SJ^J20P24K90 ^**^ White Globe was superior to 
that of the other interactions at both stages. The effect of this interaction 
was followed by that of Sj^ ,(,Qp32i<^ j2o x White Globe and Sj.^ ,2op24K9() ^ Nasik 
Red at 45 d and by that of SJ^J20P24K90 ^ Nasik Red (equalled by that of 
SNI6()P32K12O ^ White Globe, SN8OP,6K60 ^ ^^i^e Globe and SNI(SOP32K12O ^ 
Nasik Red) at 90 d. The interaction SJ I^2OP24K90 ^ White Globe improved 
shoot length by 98.7 and 115.5% at 45 and 90 d respectively over S^ yp^ j^ Q x 
Nasik Red which gave the lowest value at both stages. However, SJ^^2OP24K90 
X Nasik Red increased it by 78.2 and 103.5% at 45 and 90 d respectively 
than Sf^QpQj<.() X Nasik Red (Table 16). 
4.1.1.1.2 Leaf number per plant 
Leaf number increased with fertility level up to SJ ,^2OP24K9O ^^^ 
decreased thereafter at both growth stages. It produced 31.6 and 36.8% 
more leaves than the control at 45 and 90 d respectively. 
Varietal differences at 45 d after transplanting were not significant. 
At 90 d, Poona Red proved superior, with White Globe being at par with 
Poona Red on the one hand and Nasik Red on the other. 
Interaction effect of Sjq,2oP24K9o ^^^^ Nasik Red proved best at both 
stages. It was equalled by that of BJ^J20P24K90 ^ White Globe, Sj^ g^ pj^ f^ go ^ 
Poona Red and Sj^ ,^ Qp32Ki2o ^ Nasik Red at 45 d and by that of SJ ,^2OP24K9O ^ 
White Globe at 90 d. The interaction Sj^ ,2op24K9o ^ Nasik Red resulted in the 
production of 57.3 and 69.4% more leaves at 45 and 90 d respectively than 
N^opoKo ^  Nasik Red which was the least effective at both stages (Table 17). 
Table 16. Effect of five combinations of soil-applied nitrogen, phosphorus 
and potassium on shoot length (cm) per plant of three varieties of onion at 
two growth stages 
Treatments(T) 
(kg/ha) 
^NOPOKO 
'^N40P8K30 
^N80P16K60 
^N120P24K90 
^N160P32K120 
Mean 
CD at 5% 
"^ NOPOKO 
^N40P8K30 
"^NSOPieKeo 
^N120P24K90 
^N160P32K120 
Mean 
CD at 5% 
Nasik Red 
Varieties (V) 
Poona Red White Globe 
45 d after tranplanting 
13.00 
19.00 
20.50 
23.16 
22.33 
19.60 
T = 0.65 
16.26 
21.66 
22.83 
20.50 
19.33 
20.12 
V = 0.51 
90 d after transplanting 
33.33 
49.50 
59.00 
67.83 
64.50 
54.83 
T = 1.99 
34.33 
54.50 
56.16 
54.33 
45.16 
48.90 
V=1.54 
14.83 
15.83 
22.50 
25.83 
24.50 
20.70 
TxV = 
42.16 
60.66 
64.50 
71.83 
66.16 
61.06 
TxV = 
1.13 
3.44 
Mean 
14.70 
18.83 
21.94 
23.16 
22.05 
36.61 
54.89 
59.89 
64.66 
58.61 
Table 17. Effect of five combinations of soil-applied nitrogen, phosphorus 
and potassium on leaf number per plant of three varieties of onion at two 
growth stages 
Treatments(T) 
(kgAia) 
^NOPOKO 
s 
s 
Q 
'^N120P24K90 
'^N160P32K120 
Mean 
CD at 5% 
•^ NOPOKO 
Q 
'^N40P8K30 
^N80P16K60 
'^N120P24K90 
s 
'^N160P32K120 
Mean 
CD at 5% 
Nasik Red 
Varieties (V) 
Poona Red White Globe 
45 d after tranplanting 
2.86 
3.50 
3.73 
4.50 
4.16 
3.75 
T = 0.25 
3.50 
3.86 
4.30 
3.70 
3.63 
3.80 
V = NS 
90 d after transplanting 
4.96 
6.86 
6.96 
8.40 
7.30 
6.90 
T = 0.26 
6.50 
7.50 
7.86 
7.40 
7.10 
7.27 
V = 0.20 
3.20 
3.30 
3.73 
4.40 
3.86 
3.70 
TxV = 
6.10 
6.73 
7.10 
8.20 
7.20 
7.07 
TxV = 
0.43 
0.45 
N/fpan i V l W C U i 
3.19 
3.55 
3.92 
4.20 
3.88 
5.85 
7.03 
7.31 
8.00 
7.20 
NS = non-significant 
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4.1.1.1.3 Leaf area index 
Leaf area index was favourably affected by fertiliser application 
but the highest nutrient level Sj^ j^ Qpjjj^ jjo decreased it at both stages. 
Treatment SJ^,20P24K90' ^^i^g ^^ n^ost effective, was at par with Sj^ gQp,gj^ Q^ at 
the first stage. Treatment Sjgj2op24K9o 8^^^ ^^^ ^"^ 306.5% higher leaf area 
index than the control at 45 and 90 d respectively. 
Of the varieties, Nasik Red excelled at both stages. It was followed 
by Poona Red at 45 d and by White Globe at 90 d. Nasik Red produced 
26.1% higher leaf area index than White Globe at 45 d, and 24.6%, than 
Poona Red, the latter two varieties giving the least value at the respective 
stage. 
Interaction effect of SJJ,20P24K90 ^ Nasik Red proved best at both 
stages. It was followed by that of SJ^J^QP32KI2O X Nasik Red (equalled by that 
°^ '^ N80Pi6K6o ^ Nasik Red) at 45 d and by that of SJ^ J2OP24K9O ^ White Globe 
at 90 d. The interaction SJ^,20P24K90 ^ Nasik Red registered 212.0 and 
511.9% higher leaf area index at 45 and 90 d respectively than S^ Q^PQJ^ Q X 
Nasik Red which had the least effect at both stages (Table 18). 
4.1.1.1.4 Fresh weight per plant 
A direct relationship between fresh weight per plant and fertility 
levels up to SJ^|20P24K90 ^^^ observed at each stage, the highest level 
showing a decrease. SJ ,^2OP24K90 iniproved the fresh weight by 83.2 and 
422.1% over the control at 45 and 90 d respectively. 
Variety Nasik Red, followed by White Globe, produced maximimi 
fresh weight at both stages. It had 28.2 and 26.7% higher fresh weight at 45 
and 90 d respectively than Poona Red which showed the lowest fresh weight 
at both stages. 
Table 18. Effect of five combinations of soil-applied nitrogen, phosphorus 
and potassium on leaf area index of three varieties of onion at two growth 
stages 
Treatments(T) 
(kgAia) 
Varieties (V) 
Nasik Red Poona Red White Globe 
Mean 
45 d after tranplanting 
^NOPOKO 
S 
'^N40P8K30 
'^N120P24K90 
Q 
'^N160P32K120 
Mean 
CD at 5% 
0.25 0.41 0.34 0.33 
'^ NOPOKO 
'^N40P8K:tO 
'^N80P16K60 
'^N120P24K90 
•^ NieopsiKiao 
Mean 
CD at 5% 
0.51 
0.68 
0.78 
0 70 
0.58 
T = 0.04 
0.54 
0.63 
0.48 
0.45 
0.50 
V = 0.03 
90 d after transplanting 
1.35 
4.30 
5.90 
8.26 
6.50 
5.26 
T = 0.16 
1.97 
4.85 
5.40 
4.80 
4.10 
4.22 
V = 0.12 
0.38 
0.47 
0.56 
0.54 
0.46 
TxV = 
1.77 
4.01 
5.49 
7.68 
6.19 
5.03 
TxV = 
0.06 
0.28 
0.48 
0.59 
0.61 
0.56 
1.70 
4.39 
5.60 
6.91 
5.60 
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N^i20P24K9o interacted best with Nasik Red at both stages. The 
effect of S^ 5 20P24K90 ^ Nasik Red was followed by that of Sj^ ,f,Qp32j^ j20 ^ 
Nasik Red and Sj^ g^ pj^ j^ Q^ x Nasik Red at 45 d However, it was at par with 
that of Sjg,2oP24K90 ^  White Globe and was followed by that of Sjg,^ oP32Ki2o ^ 
Nasik Red at 90 d. The interaction SJ ,^2OP24K9O ^ Nasik Red registered 165.8 
and 779.8% higher fresh weight at 45 and 90 d respectively compared with 
N^OPOKo ^  Nasik Red which produced the least fresh matter at both stages 
(Table 19). 
4.1.1.1.5 Dry weight per plant 
Application of graded levels of nutrients from the control to 
N^i2()P24K9o resulted in improving the value for dry weight per plant at both 
stages, the highest level showing some decrease. SJ^ J2OP24K9O enhanced dry 
weight by 83.3 and 282.7% at 45 and 90 d respectively than the control. 
Variety Nasik Red produced maximum dry weight at both stages. It 
was followed by Poona Red at 45 d and by White Globe at 90 d. Nasik Red 
had 33.3% higher dry weight at 45 d than White Globe and 28.5% than 
Poona Red, the two latter varieties accumulating the minimum dry matter at 
the respective stage. 
Among interactions, Sj^ ]20p24K9o ^ Nasik Red proved the most 
superior in its effect at both stages. The effect of S^ i20p24Kqo ^ Nasik Red 
was followed by that of SNI6OP32KPO ^ Nasik Red and S g^^ p^j^ j,^ ,, x Nasik Red 
at 45 d and by that of SJ^J2()P24K90 ^ White Globe and Sj^ j^ Qp32j^ i2o ^ Nasik 
Red at 90 d. The interaction SJ^J20P24K9O ^ Nasik Red improved dry weight by 
166.7 and 543.0% at 45 and 90 d respectively over Sj^ QpQj,^  x Nasik Red 
which had the least values at both stages (Table 20). 
4.1.1.2 Enzyme activity 
The effect of nutrient combinations and their interaction with 
varieties on carbonic anhydrase activity as well as varietal differences were 
Table 19. Effect of five combinations of soil-applied nitrogen, phosphorus 
and potassium on fresh weight (g) per plant of three varieties of onion at 
two growth stages 
Treatments(T) 
(kgAia) 
^NOPOKO 
^N40P8K30 
"^NSOPieKSO 
c 
'^N120P24K90 
s 
'^N160P32K120 
Mean 
CD at 5% 
^NOPOKO 
^N40P8K30 
^N80P16K60 
'^N120P24K90 
'^N160P32K.l20 
Mean 
CD at 5% 
Nasik Red 
Varieties (V) 
Poona Red White Globe 
45 d after tranplanting 
1.93 
2.76 
4.03 
5.13 
4.33 
3.64 
T = 0.14 
2.33 
3.03 
3.40 
2.83 
2.60 
2.84 
V = 0.11 
90 d after transplanting 
12.20 
42.03 
73.96 
107.33 
84.70 
64.04 
T = 4.25 
20.36 
58.30 
74.00 
52.26 
47.83 
50.55 
V = 3.29 
2.16 
2.53 
2.96 
3.80 
3.13 
2.92 
TxV = 
17.50 
32.20 
54.36 
101.83 
81.06 
57.39 
TxV = 
0.25 
7.36 
• Mean 
2.14 
2.77 
3.46 
3.92 
3.35 
16.69 
44.18 
67.44 
87.14 
71.20 
Table 20. Effect of five combinations of soil-applied nitrogen, phosphorus 
and potassium on dry weight (g) per plant of three varieties of onion at two 
growth stages 
(kgAia) 
•^ NOPOKO 
'^N40P8K30 
^N80P16K60 
•^N120P24K90 
s 
Mean 
CD at 5% 
^NOPOKO 
'^N40P8K30 
^N80P16K60 
''N120P24K90 
s 
Mean 
CD at 5% 
Nasik Red 
Varieties (V) 
Poona Red White Globe 
45 d after tranplanting 
0.21 
0.30 
0.44 
0.56 
0.48 
0.40 
T = 0.02 
0.30 
0.38 
0.43 
0.36 
0.32 
0.36 
V = 0.01 
90 d after transplanting 
1.86 
5.50 
8.66 
11.96 
9.60 
7.52 
T = 0.22 
3.16 
6.33 
8.86 
5.86 
5.06 
5.85 
V = 0.17 
0.22 
0.26 
0.31 
0.40 
0.33 
0.30 
TxV = 
2.63 
5.23 
7.99 
11.46 
9.22 
7.31 
TxV = 
0.03 
0.38 
- Mean 
0.24 
0.31 
0.39 
0.44 
0.38 
2.55 
5.69 
8.50 
9.76 
7.96 
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found significant at both stages of sampling. The data (Table 21) are 
summarised below. 
4.1.1.2.1 Carbonic anhydrase activity 
A direct relationship between the enzyme activity and nutrient 
levels up to SJ ,^20P24K90 ^^^ noticed at both stages. There was a sharp decline 
in the activity at each stage when the higher level S)^ ,^ Qp32(^ ,2o ^^^ applied. 
^Ni20P24K90 causcd 65.8 and 69.3% higher activity than the control at 45 and 
90 d respectively. 
Variety Nasik Red, followed by White Globe, exhibited the 
maximum activity at both stages. At 45 d. White Globe was at par with Poona 
Red; but the latter followed it at 90 d. Variety Nasik Red had 9.9 and 9.0% 
higher enzyme activity than Poona Red at 45 and 90 d respectively. 
The interaction effect of SJ ,^2OP24K9O ^ Nasik Red excelled that of 
the others and was followed by that of SJ I^2OP24K9O ^ White Globe (at par 
with that of Sj^ ,gop32K,2o ^ Nasik Red) at both stages. SJ^ ]2QP24K9O ^ Nasik 
Red enhanced the enzyme activity by 108.9 and 115.9% at 45 and 90 d 
respectively over SJ^ QPQJ^ Q X Nasik Red which resulted in the lowest activity 
(Table 21). 
4.1.1.3 Nitrogen, phosphorus and potassium content of leaves 
The effect of basal nutrient combinations and of their interaction 
with varieties on nitrogen, phosphorus and potassium content of leaves as 
well as varietal differences were significant at both stages. The data (Tables 
22-24) are considered below in brief. 
4.1.1.3.1 Nitrogen 
Increasing levels of fertility from SJ^ QPQJ^ Q to Sj^ gQp,gj.^ o enhanced 
the leaf nitrogen content at both stages. Application of higher doses than the 
latter, however, could not improve the content further at either stage. The 
Table 21. Effect of five combinations of soil-applied nitrogen, phosphorus 
and potassium on leaf carbonic anhydrase activity (^ i mol C02/kg leaf fresh 
matter/s) of three varieties of onion at two growth stages 
T'ri^JiitTiP'fif'cr T 1 
i iCdl l l lCl l ld^ 1 ) 
(kgAia) 
^NOPOKO 
^N40P8K30 
^N80P16K60 
s 
'^NI20P24K90 
s 
Mean 
CD at 5% 
^NOPOKO 
^N40P8K30 
s 
'^N120P24K90 
^N160P32K120 
Mean 
CD at 5% 
Nasik Red 
Varieties (V) 
Poona Red 
45 d after tranplanting 
116.33 
156.00 
204.66 
243.00 
210.66 
186.13 
T = 5.45 
90 d afte 
153.33 
239.33 
286.00 
331.00 
306.66 
263.26 
T = 6.36 
139.00 
181.33 
193.33 
177.66 
155.33 
169.33 
V = 4.22 
White Globe 
130.66 
143.00 
175.00 
219.33 
184.66 
170.53 
TxV = 
r transplanting 
188.00 
260.00 
289.66 
240.00 
229.66 
241.46 
V = 4.93 
179.33 
222.00 
247.66 
310.33 
285.00 
248.86 
TxV = 
9.44 
\Af^vit\ 
IVlVOll 
128.66 
160.11 
191.00 
213.33 
183.55 
173.55 
240.44 
274.44 
293.78 
273.77 
11.02 
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effect of treatment S^ gg^ pj^ j^ o^ also showed parity with that of Sjg^ Qpgp,,,, at 
the first stage. Sj^ g^pj^ j.^ ,,, increased the content by 19.7 and 21.5% and 
^Ni20P24K90' ^V ^^^ ^"^ 20.8% over the control at 45 and 90 d respectively. 
Poena Red contained maximum nitrogen content at both stages. It 
was followed by Nasik Red (at par with White Globe) at 45 d and equal to 
Nasik Red at 90 d. Poona Red surpassed White Globe by 11.0 and 11.2% at 
45 and 90 d respectively. 
Interaction effect of Sj^g^p^j^^,, S^^g-p^^^o ^nd SN,20P24K90 with 
Poona Red and of Sv^ ,]2()p-i4Kw ^"^ '^ NI60P32KI20 ^'^^ Nasik Red, being at par, 
gave higher values than that of the others at both stages. However, the effect 
^^ ^N8{)Pi6K6() ^ Nasik Red was also at par with that of the above interactions 
at the second stage. Sj^ gQpjgj^ ,^^  x Poona Red improved leaf nitrogen content 
by 41.3 and 38.3% at 45 and 90 d respectively over S^ Q^PQJ^ Q X Nasik Red 
which proved the least effective at both stages. For record, SJ^J2OP24K9O ^ 
Nasik Red increased it by 32.6 and 34.4% over Sj^ Qp^ j^ ,^ x Nasik Red at 45 
and 90 d respectively (Table 22). 
4.1.1.3.2 Phosphorus 
A gradual increase in leaf phosphorus content was observed due to 
application of nutrients up to S^,2OP24K90 ^^  ^^*^ stages. However, the 
application of the next higher dose could not result in further increase at 
either stage. S j^2op-'4K9o enhanced the content by 54.8 and 58.3% over the 
control at 45 and 90 d respectively. 
Poona Red. followed by Nasik Red and White Globe, possessed 
maximum phosphorus content at both stages. Poona Red had 42.9 and 63.0% 
higher content than White Globe at 45 and 90 d respectively. 
Interaction effect of SJ^,20P24K90' SN8OPI6K60 ^nd SJ^^^PSKSO with 
Poona Red, being at par, gave higher values than that of other interactions at 
Table 22. Effect of five combinations of soil-applied nitrogen, phosphorus 
and potassium on leaf nitrogen content (per cent of dry weight) of three 
varieties of onion at two growth stages 
Treatments(T) 
(kg/ha) 
Q 
•^ NOPOKO 
C 
'^N40P8K30 
^N80P16K60 
'^N120P24K90 
•^NieOPSIKllO 
Mean 
CD at 5% 
"^ NOPOKO 
'^N40P8K30 
'^N80P16K60 
'^N120P24K90 
'^N160P32K120 
Mean 
CD at 5% 
Nasik Red 
45 d afte 
2.76 
3.16 
3.33 
3.66 
3.63 
3.31 
T = 0.17 
90 d aftei 
2.53 
3.03 
3.23 
3.40 
3.46 
3.13 
T = 0.18 
Varieties (V) 
Poona Red White Globe 
r tranplanting 
3.06 
3.70 
3.90 
3.60 
3.40 
3.53 
V = 0.13 
r transplanting 
2.76 
3.26 
3.50 
3.20 
3.16 
3.18 
V = 0.14 
2.86 
3.03 
3.16 
3.40 
3.43 
3.18 
TxV = 
2.66 
2.76 
2.93 
3.00 
2.93 
2.86 
TxV = 
0.30 
0.31 
Mean 
2.89 
3.30 
3.46 
3.55 
3.49 
2.65 
3.02 
3.22 
3.20 
3.18 
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both stages. However, the effect of Sj^ j^ Qp j^^ jjo ^ Nasik Red and SJJ,2OP24K9O 
X Nasik Red also showed parity with that of these interactions at the first 
stage. S^ j2op24K9o ^ Poona Red improved the content by 116.0 and 152.6% 
at 45 and 90 d respectively over SJ^ QPQ^ Q^ X Nasik Red which registered the 
lowest value at both stages. It may also be added that S^,2OP24K90 ^ Nasik 
Red gave 104.0 and 78.9% higher value at the two respective stages than 
N^OPOKO ^ Nasik Red (Table 23). 
4.1.1.3.3 Potassium 
A direct relationship between the leaf potassium content and 
fertility- levels was recorded at both stages. A decrease in the content was, 
however, registered due to the highest level of fertility at 45 d. At the 
second stage, the effect of S} J^20P24K.90 ^^^ ^^  P^^ ^^^^ *^ *^ ^^ ^N8OFI6K6O ^"^ 
^Ni60P32Ki2o- Treatment SJ^^20P24K90 registered 45.4 and 43.6% higher 
potassium content than the control at 45 and 90 d respectively. 
Variety Poona Red showed maximum potassium content and was 
followed by Nasik Red (equalled by White Globe) at both stages. Poona Red 
exhibited 45.8 and 48.1% higher content than White Globe at the respective 
stages. 
The interaction effect of SN8OPI6K60' SNI20P24K90 and S^ ^^ opg^ j^o with 
Poona Red at 45 d and of S^ gop^ ^^ ^^ o, S^^^^^^^^ and SJ^,20P24K90 with Poona 
Red at 90 d was at par with each other and was more pronounced than that of 
the other interactions at both stages. Sj^ g^ pj^ j^ o^ x Poona Red enhanced leaf 
potassium content by 134.7 and 118.0% whereas Sj^ ,2()p24K90 x Nasik Red 
did so by 67.1 and 58.0% at 45 and 90 d respectively over SJ^ QPQJ^ Q X Nasik 
Red that exhibited the least effect (Table 24). 
4.1.1.4 Yield characteristics 
Treatments, as well as treatment x variety interactions, affected all 
yield parameters significantly. Varietal differences were also conspicuous. 
Table 23. Effect of five combinations of soil-applied nitrogen, phosphorus 
and potassium on leaf phosphorus content (per cent of dry weight) of three 
varieties of onion at two growth stages 
Treatments(T) 
(kg/ha) 
•^ NOPOKO 
'^N40P8K3{) 
"^NsopieKeo 
^N120P24K90 
'^N160P32K120 
Mean 
CD at 5% 
^NOPOKO 
'^N40P8K30 
'^N80P16K60 
'^N120P24K90 
'^N160P32K120 
Mean 
CD at 5% 
Nasik Red 
Varieties (V) 
Poona Red White Globe 
45 d after tranplanting 
0.25 
0.35 
0.45 
0.51 
0.51 
0.41 
T = 0.02 
0.38 
0.54 
0.54 
0.54 
0.49 
0.50 
V = 0.02 
90 d after transplanting 
0.19 
0.27 
0.31 
0.34 
0.34 
0.29 
T = 0.02 
0.33 
0.48 
0.48 
0.48 
0.41 
0.44 
V = 0.01 
0.29 
0.31 
0.36 
0.40 
0.41 
0.35 
TxV = 
0.21 
0.23 
0.27 
0.32 
0.32 
0.27 
TxV = 
0.03 
0.03 
Mean 
0.31 
0.40 
0.45 
0.48 
0.47 
0.24 
0.33 
0.35 
0.38 
0.36 
Table 24. Effect of five combinations of soil-applied nitrogen, phosphorus 
and potassium on leaf potassium content (per cent of dry weight) of three 
varieties of onion at two growth stages 
Treatments(T) 
(kg/ha) 
•^ NOPOKO 
s 
Q 
*^N80P16K60 
^N120P24K90 
'^N160P32K120 
Mean 
CD at 5% 
Nasik Red 
Varieties (V) 
Poona Red White Globe 
45 d after tranplanting 
2.13 
3.00 
3.06 
3.56 
3.60 
3.07 
T = 0.13 
3.26 
4.96 
5.00 
4.96 
4.26 
4.49 
V = 0.10 
2.80 
2.83 
3.03 
3.40 
3.36 
3.08 
TxV = 0.23 
Mean 
2.73 
3.60 
3.70 
3.97 
3.74 
90 d after transplanting 
s 
"^ NOPOKO 
^N40P8K.30 
'^N80P16K60 
Q 
'^N120P24K90 
^N160P32K120 
Mean 
CD at 5% 
2.00 
2.40 
2.86 
3.16 
3.16 
2.72 
T = 0.19 
2.96 
4.33 
4.36 
4.26 
3.80 
3.94 
V = 0.15 
2.26 
2.36 
2.70 
2.96 
3.03 
2.66 
TxV = 0.33 
2.41 
3.03 
3.31 
3.46 
3.33 
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The data (Tables 25-26) for each parameter are described below separately. 
4.1.1.4.1 Bulb diameter 
Increase in fertility levels up to SJ ,^2OP24K9O enhanced bulb 
diameter, the highest level having a decreasing effect. Treatment SJ^]20P24K90 
improved the diameter by 75.8% over the control. 
White Globe (at par with Nasik Red) proved superior to Poona Red, 
White Globe had 2.9% and Nasik Red, 1.1% higher value than Poona Red. 
The interaction SJ^,20P24K90 ^ Nasik Red proved best. Its effect was 
followed by that of SJ^ I2OP24K9O ^ White Globe, Sj^ |gQp32}^ j2o ^ Nasik Red and 
^Ni60P32Ki20 ^ White Globe in that order. It increased the bulb diameter by 
163.3% over SJ^ QPQJ.Q X Nasik Red which gave the minimum value (Table 25). 
4.1.1.4.2 Weight per bulb 
An ameliorative effect on the weight per bulb of application of 
fertility levels up to Sj^ ,2yp24K9o ^^s observed. A sharp decrease was, 
however, noted with the application of the highest level. SJ^ ^2OP24K9O S^^^ 
150.4%) higher value than the control. 
Nasik Red produced heavier bulbs than the other varieties. It was 
followed by White Globe. Nasik Red had 48.2%higher value than Poona Red. 
The interaction effect of SJ^,20P24K90 ^ Nasik Red was superior to 
that of the others and was followed by that of SJ^ J2OP24K9O ^ White Globe and 
^Ni60P32Ki2o ^ Nasik Red. The interaction SJ^ ,2OP24K9O '^ Nasik Red registered 
313.2% higher weight than Sj^ p^Qj^ Q x Nasik Red which affected this 
parameter the least (Table 25). 
4.1.1.4.3 Bulb yield 
Like other yield parameters, the bulb yield increased with 
increasing levels of fertilisation from the control to Sj^ ,20P24K9o- ^^  ^^^ ^'^° 
Table 25. Effect of five combinations of soil-applied nitrogen, phosphorus 
and potassium on bulb diameter and weight per bulb of three varieties of 
onion at harvest 
Treatments(T) 
(kg/ha) 
^NOPOKO 
'^N40P8K30 
'^N80P16K60 
'^N120P24K90 
'^N160P32K120 
Mean 
CD at 5% 
•^ NOPOKO 
'^N40P8K30 
s 
'^N80P16K60 
'^N120P24K90 
'^NI60P32K120 
Mean 
CD at 5% 
Nasik Red 
Varieties (V) 
Poona Red 
Bulb diameter (cm) 
1.96 
3.56 
4.13 
5.16 
4.56 
3.87 
T = 0.07 
Weight 
13.30 
25.96 
38.63 
54.96 
43.43 
35.26 
T = 0.40 
3.06 
4.23 
4.23 
3.86 
3.46 
3.77 
V = 0.05 
(g) per bulb 
18.63 
28.86 
29.86 
22.10 
19.50 
23.79 
V = 0.31 
White Globe 
2.93 
3.43 
3.80 
4.96 
4.26 
3.88 
TxV = 
17.20 
22.36 
27.63 
45.96 
29.86 
28.60 
TxV = 
O.ll 
0.70 
Mean 
2.65 
3.74 
4.05 
4.66 
4.09 
16.38 
25.73 
32.04 
41.01 
30.93 
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affected adversely when the highest level of nutrients was applied. Treatment 
^Ni20P24K90 S^^c 173.3% higher yield than the control. 
Among the varieties, Nasik Red gave the highest bulb yield. It was 
followed by White Globe. Variety Nasik Red surpassed Poona Red in bulb 
yield by 39.3%. 
The interaction S^^2OP24K9O ^ Nasik Red also proved best for bulb 
yield. Its effect was followed by that of SJ^J2OP24K9O ^ White Gobe and 
S^ jgQP32j^ ]2o X Nasik Red. It enhanced bulb yield by 408.8% over Sj^ Qpoj.Q x 
Nasik Red which resulted in the poorest yield (Table 26). 
4.1.1.4.4 Harvest index 
The harvest index increased linearly by the application of 
increasing levels of nutrients up to Sj^ gQpj^ j^ gQ. However, the effect of 
•^ NsopieKeo ^^^ ^* P '^^  ^^^^ ^^ ^* °^ ^Ni20P24K90 ^"^ thereafter a decreasing 
effect was noted. Treatment SJ^ ,2QP24K:9O increased the harvest index by 3.5% 
over the control. 
Nasik Red surpassed the other varieties in this regard. It was 
followed by Poona Red (at par with White Globe). Nasik Red had 1.1% 
higher value than White Globe or Poona Red. 
The interaction effect of SJ>JI20P24K90 ^^*^ Nasik Red, equalled by 
that of S^ jgQp32j<;j2o X Nasik Red, proved superior to that of the other 
interactions. However, the effect of the latter also showed parity with that 
of SN,2OP24K90 X White Globe, Sj^ ,gop,6K6o ^ Nasik Red and S^g^pj^ ^^o x 
Poona Red. The interaction Sj^ ,2op24K9o ^ Nasik Red improved the harvest 
index by 7.1% over SJ^ QPQJ^ Q X Nasik Red which registered the lowest value 
(Table 26). 
4.1.2 Experiment 2 
In this simple randomised field experiment, the effect of six soil-
applied combinations of nitrogen, phosphorus and potassium (Table 3) was 
Table 26. Effect of five combinations of soil-applied nitrogen, phosphorus 
and potassium on bulb yield and harvest index of three varieties of onion at 
harvest 
Treatments(T) 
(kg/ha) 
'^ NOPOKO 
'^N40P8K3() 
'^N80P16K60 
'^N120P24K90 
•^NieOPSZKUO 
Mean 
CD at 5% 
^NOPOKO 
^N40P8K30 
^N80P16K60 
'^N120P24K90 
^N160P32K120 
Mean 
CD at 5% 
Nasik Red 
Bulb 
6.91 
17.16 
25.50 
35.16 
29.66 
22.88 
T = 0.63 
Varieties (V) 
Poona Red 
yield (t/ha) 
12.50 
19.50 
21.66 
15.66 
12.83 
16.43 
V = 0.49 
Harvest index 
0.84 
0.87 
0.88 
0.90 
0.89 
0.88 
0.86 
0.87 
0.88 
0.87 
0.86 
0.87 
T = 0.007 V = 0.006 
White Globe 
10.66 
15.00 
18.00 
31.33 
21.50 
19.30 
TxV = 
0.85 
0.86 
0.87 
0.88 
0.87 
0.87 
TxV = 
1.10 
0.013 
Mean 
10.02 
17.22 
21.72 
27.38 
21.33 
0.85 
0.87 
0.88 
0.88 
0.87 
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studied on the performance of the garlic crop. Among the treatments, 
^N90Pi8K60 proved best for most parameters. The important results (Tables 
27-31) are summarised below. 
4.1.2.1 Growth parameters 
The nutrient combinations significantly affected all growth 
parameters studied at 45,90 and 135 d (Tables 27 & 28). The results are 
briefly considered in the following pages. 
4.1.2.1.1 Shoot length per plant 
Shoot length increased with increasing levels of nutrient 
combinations up to S^ Q^p^ gj^ Q^ at all growth stages studied. However, no 
further increase in the shoot length was observed beyond this level at each 
stage. Application of Sj^ o^p^ gj^ Q^ resulted in 48.4, 22.2 and 24.7% taller 
plants than the no-nutrient control at 45, 90 and 135 d respectively (Table 
27). 
4.1.2.1.2 Leaf number per plant 
A linear increase with nutrient levels from Sj^ QpQj.(, to Sj^ Q^pjgj^ Q^ 
was observed at all growth stages. However, the latter treatment exhibited 
parity with SN6OPI2K4O »* 45 d and with SJ^,20P24K80 and Sj^ ,5op30Kioo at 45 as 
well as 135 d with regard to leaf production . Parity was also observed in 
the effect of S^ ^Qpjg^ ^^ , and SN,2OP24K8() ^t 90 d. Treatment Sj^ ^^ pj^ j^ ^Q 
produced 45.1, 48.9 and 58.8% more leaves than the control at 45, 90 and 
135 d respectively (Table 27). 
4.1.2.1.3 Leaf area index 
A linear relationship between the leaf area index and nutrient levels 
from S^ ypQj,Q to Sj^ cjQpjgj^ Q^ was observed at all growth stages. Treatment 
N^90Pi8K6o showed parity in its effect with S^J20P24K80 ^t the first two stages. 
Table 27. Effect of six combinations of soil-applied nitrogen, phosphorus 
and potassium on shoot length, leaf number and leaf area index of garlic at 
three growth stages 
Treatments 
(kgAia) 
^NOPOKO 
^N30P6K20 
^N60P12K40 
^N90P] 8K60 
'^N120P24K80 
•^NISOPSOKIOO 
CD at 5% 
"^ NOPOKO 
'^N30P6K20 
C 
'^N60P12K40 
'^N90P18K60 
'^N120P24K80 
"^NISOPSOKIOO 
CD at 5% 
•^ NOPOKO 
'^N30P6K20 
''N60P12K40 
'^N90P18K60 
'^N120P24K80 
'^N150P30K100 
CD at 5% 
Sampling 
45 
stages (days after 
90 
Shoot length (cm) per plant 
29.66 
34.83 
39.10 
44.00 
43.33 
43.93 
2.20 
Leaf numbei 
4.44 
5.33 
5.77 
6.44 
6.44 
5.99 
0.72 
51.13 
53.73 
57.06 
62.46 
61.63 
61.46 
3.29 
r per plant 
5.44 
5.88 
6.55 
7.99 
7.33 
6.44 
1.12 
Leaf area index 
0.28 
0.48 
0.66 
0.87 
0.81 
0.75 
0.08 
0.60 
0.86 
1.23 
1.92 
1.70 
1.40 
0.25 
sowing) 
135 
76.40 
83.53 
90.30 
95.30 
95.20 
93.83 
2.37 
7.55 
9.77 
10.99 
11.99 
11.66 
11.55 
0.80 
1.58 
2.80 
3.69 
4.33 
4.01 
3.94 
0.27 
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However, at the third stage, the effect of Sj^ Q^p^ gj^ o^ was followed by that of 
Sj^ ]2op24K8o which was itself equalled by that of SJ^ JJQPJQJ^ JQQ. Treatment 
^N90Pi8K6o increased the index by 210.7, 220.0 and 174.1% compared with 
the control at 45, 90 and 135 d respectively (Table 27). 
4.1.2.1.4 Fresh weight per plant 
An increase in fresh weight resulted on application of graded levels 
of nutrient combinations from SJ^ QPQJ-Q to Sj^ gQpjgj^ gQ at each stage, higher 
doses declining it. However at 45 d, Sj^ Q^p^  gj^ Q^ was at par in its effect with 
SNI20P24K80 ^nd was followed by S j^jopjo^ j^oQ. Treatment S g^opjgi^ o^ 
registered 115.9, 271.2 and 366.3% higher fresh weight than the control at 
the first, second and third stage respectively (Table 28). 
4.1.2.1.5 Dry weight per plant 
There was an improvement in dr>' weight due to application of 
increasing levels of nutrients up to S^ ^Qpjgj^ gQ, with SJ^,2OP24K80 ^"^ 
^Ni50P30Kioo showing a slight decrease at all growth stages. Sj^ Q^pjgj^ go 
produced 187.8, 229.9 and 370.1% more dry matter than the control at 45, 
90 and 135 d stage respectively (Table 28). 
4.1.2.2 Enzyme activity 
Effect of treatments on the leaf carbonic anhydrase activity was 
found significant at all growth stages studied (Table 29). The data are 
summarised below. 
4.1.2.2.1 Carbonic anhydrase activity 
There was a linear correlation bet\veen increasing levels of nutrient 
combinations from the control to S^ Q^pjgj^ Q^ and the activity of carbonic 
anhydrase, with the higher levels decreasing it, at each stage. Sj^ Q^pjgj^ Q^ 
improved the activity by 63.0, 62.5 and 48.1% compared with the control at 
45, 90 and 135 d respectively (Table 29). 
Table 28. Effect of six combinations of soil-applied nitrogen, phosphorus 
and potassium on fresh weight and dry weight of garlic at three growth stages 
Treatments 
(kg/ha) 
•^ NOPOKO 
s 
'^N30P6K20 
s 
^N9()P18K60 
^N120P24K80 
s 
"^NISOPSOKIOO CD at 5% 
s 
•^ NOPOKO 
s 
'^N60P12K40 
s 
'^N90P18K60 
'^N120P24K8() 
•^NISOPSOKIOO 
CD at 5% 
Sampling stages (days after 
45 90 
Fresh weight (g) per plant 
3.20 
4.73 
6.06 
6.91 
6.98 
6.13 
0.41 
Dry weight (g) per 
0.41 
0.66 
0.77 
1.18 
0.89 
0.81 
0.10 
8.77 
14.99 
18.55 
32.55 
26.77 
24.21 
1.93 
plant 
1.27 
2.16 
2.64 
4.19 
3.49 
3.20 
0.26 
sowing) 
135 
42.10 
88.21 
122.10 
196.32 
164.66 
142.55 
5.72 
6.38 
14.69 
20.37 
29.99 
25.24 
21.89 
0.94 
Table 29. Effect of six combinations of soil-applied nitrogen, phosphorus 
and potassium on leaf carbonic anhydrase activity (n mol COj/kg leaf fresh 
matter/s) of garlic at three growth stages 
Treatments 
(kgAia) 
^NOPOKO 
'^N30P6K20 
'^N60P12K40 
"^NgOPlSKGO 
'^N120P24K80 
"^ NISOPBOKIOO 
CD at 5% 
Sampling 
45 
109.00 
128.33 
160.33 
177.66 . 
145.00 
135.00 
6.16 
stages (days after 
90 
104.00 
124.66 
153.33 
169.00 
140.33 
131.66 
8.51 
sowing) 
135 
185.66 
223.66 
253.00 
275.00 
242.00 
227.00 
12.19 
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4.1.2.3 Nitrogen, phosphorus and potassium content of leaves 
The effect of nutrient combinations on nitrogen, phosphorus and 
potassium content of leaves was significant at each stage studied (Table 30). 
The results for each nutrient are given below separately. 
4.1.2.3.1 Nitrogen 
An improvement in nitrogen content was noted with increasing 
levels of nutrient combination up to Sj^ Q^pjgj^ Q^ and thereafter it remained 
constant at all growth stages. However at 90 d, the effect of this treatment 
was followed by that of S^^20P24K8O (equalled by that of SJ^JSOPJQJ^JQQ). 
Treatment S^ Q^p^ gj,;^ ^^  gave 49.6, 47.2 and 38.1% higher content than the 
control at 45, 90 and 135 d respectively (Table 30). 
4.1.2.3.2 Phosphorus 
The graded levels of nutrient combinations from the control to 
^N90Pi8K60 iiicreased the leaf phosphorus content linearly at all growth 
stages. There was no further increase above S^ Q^p^ gj^ ^^  at each stage. This 
treatment gave 57.9, 47.4 and 42.1% higher phosphorus content than the 
control at the three stages respectively (Table 30). 
4.1.2.3.3 Potassium 
Increase in levels of fertilisation up to S^ (j(,p,gj^ ^^ )^ resulted in 
gradual rise in leaf potassium content at all growth stages. The effect of this 
treatment was at par with that of SJ^ ]2OP24K8O (equalled by that of 
^Ni50P30Kioo) *^ *^^  ^^^^^ ^^ stages. However, these three treatments showed 
parity in their effect at the third growth stage. Application of Sj^ ^Qpjgj^ o^ 
increased the leaf potassium content by 53.9, 48.4 and 46.4% over the 
control at 45, 90 and 135 d respectively (Table 30). 
Table 30. Effect of six combinations of soil-applied nitrogen, phosphorus 
and potassium on leaf nitrogen, phosphorus and potassium content (per cent 
of dry weight) of garlic at three growth stages 
Treatments 
(kg/ha) 
^NOPOKO 
s 
'^N60P12K40 
•^NWPlSKfiO 
'^NI20P24fC80 
^N150P30K100 
CD at 5% 
s 
'^N30P6K2() 
'^N60P12K40 
"^NWPlSKoO 
'^N!20P24K.80 
•^NISOPSOKIOO 
CD at 5% 
•^ NOPOKO 
^N30P6K20 
'^N60P12K40 
s 
'^N120P24K80 
•^NISOPBOKIOO 
CD at 5% 
Sampling stages (days after sowing) 
45 
3.43 
4.03 
4.80 
5.13 
5.10 
5.06 
0.25 
Nitrogen 
Phosphorus 
0.19 
0.20 
0.25 
0.30 
0.30 
0.29 
0.04 
2.60 
2.96 
3.53 
4.00 
3.96 
3.86 
0.13 
Potassium 
90 
3.03 
3.43 
3.76 
4.46 
4.16 
4.13 
0.28 
0.19 
0.20 
0.22 
0.28 
0.28 
0.29 
0.02 
2.13 
2.56 
2.83 
3.16 
3.03 
2.90 
0.22 
135 
2.36 
2.73 
2.93 
3.26 
3.16 
3.10 
0.31 
0.19 
0.20 
0.22 
0.27 
0.28 
0.27 
0.02 
1.66 
1.80 
1.96 
2.43 
2.40 
2.43 
0.23 
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4.1.2.4 Yield characteristics 
The effect of fertilisation on yield characteristics was found 
significant. The data (Table 31) are summarised individually below. 
4.1.2.4.1 Bulb diameter 
A direct relationship between the bulb diameter and nutrient levels 
up to Sj^ Q^p^ gj^ gQ was noted, with higher levels giving no further increase. 
This treatment improved the diameter by 51.0% over the control (Table 31). 
4.1.2.4.2 Weight per bulb 
Application of graded levels of fertility up to Sj^ Q^pjgj^ gQ resulted in 
increasing weight per bulb. The nutrient levels above this treatment did not 
increase the value further. Sj^ gQpjgj^ Q^ registered 106.6% higher value than 
the control (Table 31). 
4.1.2.4.3 Clove number per bulb 
Clove number per bulb increased with increasing levels of fertility 
up to SjggQpj2K40' thereafter the number remained constant. Sj^ ^^Qpjgj^ Q^ gave 
50% higher value than the control (Table 31). 
4.1.2.4.4 100-clove weight 
A gradual enhancement in 100-clove weight was noted up to 
'^ N60Pi2K40- Higher doses did not increase it further. Treatment Sj^ Q^pjjj^ Q^ 
(being at par in its effect with^ S g^Qpi^ i^ ^^ ljgave 20.8% higher weight than the 
control (Table 31). ,• / 7 ^ 5 3 3 ^ \ \ 
i"l -cc. No )^f 
4.1.2.4.5 Bulb yield V^  ^ 
Increase in nutrienSlefVe'lsi^a^asscKfiated with gradual increase in 
the bulb yield up to Sj^ Q^pjgj^ Q^, higher doses proving less effective. 
Table 31. Effect of six combinations of soil-applied nitrogen, phosphorus 
and potassium on yield characteristics of garlic at harvest 
Yield characteristics 
Treatments 
(kg/ha) 
Bulb 
diameter 
(cm) 
Weight 
(g) per 
bulb 
Clove 100- Bulb Harvest 
number clove yield index 
per bulb weight(g) (t/ha) 
'NOPOKO 3.53 *15.60 23.33 80.16 7.18 0.59 
^N30P6K20 3.93 21.66 28.33 87.46 10.01 0.66 
'N60P12K40 4.53 26.48 32.33 96.86 12.11 0.68 
'N90P18K60 
'N120P24K80 
5.33 32.23 35.00 97.36 14.85 0.74 
5.33 31.49 35.00 97.03 13.84 0.73 
'^NISOPSOKIOO 
CD at 5% 
5.16 
0.62 
30.14 33.33 95.03 13.63 0.73 
2.52 2.85 3.15 0.70 0.02 
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Application of this treatment (Table 31) showed an increase of 106.8% over 
the control. 
4.1.2.4.6 Harvest index 
A direct relationship between the harvest index and fertility levels 
up to S^ gopjgjr^ Q was noted, with combinations above this level having equal 
effect. This treatment improved the harvest index by 25.4% over the control 
(Table 31). 
4.1.3 Experiment 3 
This simple randomised field experiment was performed on leek 
crop grown with the same six soil-applied combinations of nitrogen, 
phosphorus and potassium given in Experiment 2 on garlic (Table 4). Of 
these, Bj^ ,20P24K80 8^ '^^  ^^^^ results. The data (Tables 32-39) are considered 
briefly below. 
4.1.3.1 Growth parameters 
The effect of the six combinations of nitrogen, phosphorus and 
potassium on growth parameters of leek studied at 45 and 90 d was 
significant (Tables 32 & 33). The important findings are given below. 
4.1.3.1.1 Shoot length per plant 
Shoot length improved with increasing levels of fertility up to 
^Ni20P24K80' thereafter no further enhancement in height was noticed at each 
of the two stages. S^pQp24j.go improved shoot length by 82.7 and 68.5% over 
the control at 45 and 90 d respectively (Table 32). 
4.1.3.1.2 Leaf number per plant 
Leaf number per plant increased with graded levels of nutrients 
from the control to SJ^J20P24K80 ^^  ^^^^ stages. At 45 d, the effect of 
N^i20P24K80 was at par with that of Sj^ j^ opjoKioo and S^^ppigj^ ^o- However at 
Table 32. Effect of six combinations of soil-applied nitrogen, phosphorus 
and potassium on shoot length, leaf number and leaf area index of leek at 
two growth stages 
Treatments 
(kg/ha) 
•^ NOPOKO 
^N30P6K20 
'^N60P12K40 
•^NWPlSKeO 
'^N120P24K80 
•^NISOPSOKIOO 
CD at 5% 
'^ NOPOKO 
'^N30P6K20 
'^N60P12K40 
'^N90P18K60 
'^N120P24K80 
'^NISOPSOKIOO 
CD at 5% 
c 
"^ NOPOKO 
N30P6K2() 
'^N60P12K40 
'^N90P18K60 
'^N120P24K80 
'^N150P30K100 
CD at 5% 
Sampling stages (days 
45 
Shoot length (cm) per 
21.40 
23.90 
27.66 
30.66 
39.10 
37.80 
2.22 
; after transplanting) 
plant 
Leaf number per plant 
3.30 
3.96 
4.50 
5.10 
5.36 
5.10 
0.73 
Leaf area index 
0.18 
0.35 
0.51 
0.68 
0.78 
0.76 
0.03 
90 
49.16 
55.66 
58.50 
68.66 
82.83 
82.33 
3.94 
8.10 
8.96 
9.30 
9.30 
10.10 
9.50 ' 
1.54 
2.53 
3.44 
4.72 
5.55 
6.60 
6.14 
0.18 
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90 d, the effect of Sjg,20P24K8o ^^^ *^ P '^^  ^^^^ that of all treatments, except 
the control. Application of SJJJ2OP24K8O resulted in the production of 62.4 
and 24.7% more leaves than the control at the respective stages (Table 32). 
4.1.3.1.3 Leaf area index 
A direct relationship between leaf area index and increasing 
nutrient levels up to SJ^J20P24K80 ^^^ noticed at both stages, the effect of 
SN150P30K100 ^^^"8 ^t P^'^ "^it^ ^^^^ O^ SN120P24K80 ^^ ^^^ ^"^^ ^^^8^- ^^^^ 
treatment registered 333.3 and 160.9% higher value than the control at 45 
and 90 d respectively (Table 32). 
4.1.3.1.4 Fresh weight per plant 
An increase in the fresh weight was observed with the successive 
levels of nutrients up to SJ^,20P24K80 ^^  ^^(^^ stage. However, the effect of 
this treatment was at par with that of SJ^ JJQPJQJ^ JQQ at 45 d. Treatment 
^Ni20P24K80 ™proved the weight by 102.8 and 274.2% over the control at 
the respective stages (Table 33). 
4.1.3.1.5 Dry weight per plant 
An ameliorative effect of fertility levels up to SJ^ J2OP24K8O ^^ ^ ^ 
weight was noted at each stage. The effect of the highest level (S i^sopsoKioo^ 
was at par with that of S} ,^20P24K8O ^^  ^^^ ^^ ^^ ^ stage. SJ^J2OP24K80 produced 
86.7 and 265.2% more dry matter than the control at 45 and 90 d 
respectively (Table 33). 
4.1.3.2 Enzyme activity 
Combinations of nutrients affected the leaf carbonic anhydrase 
activity significantly at both growth stages studied. The results (Table 34) 
are given below. 
Table 33. Effect of six combinations of soil-applied nitrogen, phosphorus 
and potassium on fresh weight and dry weight of leek at two growth stages 
Treatments 
(kg/ha) 
^NOPOKO 
'^N^()P6K2o 
^N6()PI2K40 
^N9()P18K(.0 
'^NI2C)P24k8() 
s 
CD at 5% 
'^NOPOKd 
'^N^()P6K.2() 
s 
'^N6()P12K4() 
s 
'^NI2()P24k8() 
s 
CD at 5% 
Sampling stages 
Fresh 
Dry 
45 
weight (g) 
3 63 
4 13 
5.20 
6 56 
7 36 
7.16 
0.32 
weight (g) 
0 45 
0.50 
0 62 
0 75 
0 84 
0 82 
0 04 
(days after transplanting) 
per 
per 
plant 
plant 
90 
35 20 
52 80 
74 00 
105 30 
131 73 
123 13 
3 09 
5 00 
7 53 
10 70 
15 03 
18 26 
r 03 
0 32 
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4.1.3.2.1 Carbonic anhydrase activity 
A linear increase in the activity of the enzyme with fertility levels 
was observed up to SJ^|20P24K80 ^^  ^^^^ growth stages, the highest level 
showing a slight decrease. Sjg,20P24K80 in^proved the enz>'me activity by 92.4 
and 96.1% over the control at the respective stages (Table 34). 
4.1.3.3 Nitrogen, phosphorus and potassium content of leaves 
The leaf nitrogen, phosphorus and potassium contents at both 
stages were affected significantly. The data (Table 35) are summarised 
below. 
4.1.3.3.1 Nitrogen 
4.1.3.3.1 There was an increase in the content due to application of nutrient 
levels from S^^^^^^ to SJ^,20P24K8O, with S j^sopjo i^oo showing parity in its 
effect with the latter at each stage. Treatment Sj^ ,2opi4K8o enhanced the 
content by 67.9 and 84.5% over the control at 45 and 90 d respectively 
(Table 35). 
4.1.3.3.2 Phosphorus 
The content of phosphorus in the leaves also improved with 
increasing levels of fertility up to SJ^ ]2OP24K8O *^ '^ ^^^ stages, the highest 
treatment being at par with it in its effect. Compared with the control, 
'^ Ni2()P24K8o'^ ^8istered 70.0 and 122.7% higher value at the respective stages 
(Table 35). 
4.1.3.3.3 Potassium 
When compared with the control, only SJ^,20P24K80 ^"^ ^NISOPSOKIOO 
(being at par in their effect) showed a distinct increase in leaf potassium 
content at the first stage. At the second stage, a linear increase was noted 
with graded fertility levels, although the highest level gave a slightly lower 
Table 34. Effect of six combinations of soil-applied nitrogen, phosphorus 
and potassium on leaf carbonic anhydrase activity (ji mol COj/kg leaf fresh 
matter/s) of leek at two growth stages 
Treatments Sampling stages (days after transplanting) 
(kg/ha) 45 90 
190.00 
221.00 
252.33 
286.33 
372.66 
333.00 
13.45 
•^NOPOKO 
Q 
'^N30P6K20 
•^NbOFllKAO 
"^NWPlgKGO 
'^NI20P24K80 
^N150P30K100 
CD at 5% 
166.33 
190.66 
229.66 
260.00 
320.00 
288.66 
8.64 
Table 35. Effect of six combinations of soil-applied nitrogen, phosphorus 
and potassium on leaf nitrogen, phosphorus and potassium content (per cent 
of dry weight) of leek at two growth stages 
Treatments 
(kg/ha) 
^NOPOKO 
'^N30P6K2() 
Q 
'^N60P12K40 
•^NQOPISKGO 
'^N120P24K80 
s 
'^N150P30K100 CD at 5% 
s 
•^NOPOKO 
'^N30P6K20 
'^N60P12K40 
'^N90P18K60 
'^N120P24K80 
•^NISOPSOKIOO 
CD at 5% 
"^ NOPOKO 
'^N30P6K20 
s 
'^N60P12K40 
'^N90P18K60 
'^N120P24K80 
'^N150P30K.100 
CD at 5% 
Sampling stages (days 
45 
Nitrogen 
2.40 
2.80 
3.16 
3.56 
4.03 
3.86 
0.40 
Phosphorus 
0.30 
0.35 
0.42 
0.46 
0.51 
0.49 
0.04 
Potassium 
3.46 
3.90 
4.26 
4.73 
5.30 
5.10 
1.62 
after transplanting) 
90 
2.06 
2.46 
3.03 
3.16 
3.80 
3.53 
0.41 
0.22 
0.28 
0.35 
0.41 
0.49 
0.47 
0.03 
3.03 
3.43 
4.06 
4.43 
4.86 
4.43 
0.29 
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value than SJ^J2OP24K8()^^''^'^ showed 53.2 and 60.4% higher content than the 
control at 45 and 90 d respectively (Table 35). 
4.1.3.4 Yield characteristics 
The treatments had a significant effect on all yield parameters 
studied (Table 36). The results are summarised below. 
4.1.3.4.1 Shoot length per plant 
Application of graded levels of fertility (from the control to 
'^ Ni20P24K8o) resulted in increasing shoot length. The effect of SJ^,20P24K80 
was, however, at par with that of the highest level of fertility. Treatment 
'^Ni20P24K80^^^"^^^ shoot length by 38.6% over the control (Table 36). 
4.1.3.4.2 Pseudo-stem diameter 
The increasing levels of nutrients up to S^,2OP24K80 improved the 
diameter linearly. The highest level (Sj^ jjQpjoj^ ioo) ^^'^ ^ decreasing effect. 
Sj^ ,2op24K80 iwiproved the diameter by 78.9% over the control (Table 36). 
4.1.3.4.3 Fresh weight per plant 
A gradual enhancement in the fresh weight per plant with increase 
in nutrient levels from the control to Sj^ j20P24K80 ^^^ noted, with the highest 
level showing a slight decrease. SJ^,20P24K8() S^^'^ 270.5% higher weight than 
the control (Table 36). 
4.1.3.4.4 Total fresh matter yield 
Like other yield parameters, the total fresh matter yield also 
improved with the ascending level of fertilisation from the control to 
'^ NI20P24K8O- ^^^ highest level, however, gave a slightly lower yield. 
Application of Sfg,20P24K80 resulted in 278.3% higher yield than the control 
(Table 36). 
Table 36. Effect of six combinations of soil-applied nitrogen, phosphorus 
and potassium on yield characteristics of leek at harvest 
Treatments 
(kg/Tia) 
Yield characteristics 
Shoot length Pseudo-stem Fresh weight Total fresh 
(cm) per plant diameter (cm) (g) per plant matter yield 
(t/ha) 
'NOPOKO 80.53 1.90 64.33 24.67 
'N30P6K20 86.53 2.30 134.66 50.33 
'N60P12K40 
'N90P18K60 
94.20 
102.86 
2.43 
2.76 
170.00 
195.66 
69.00 
81.83 
'N120P24K80 111.63 3.40 238.33 93.33 
'^ N15OP3OK10O 
CD at 5% 
108.06 
8.38 
3.06 
0.33 
222.00 
11.49 
85.00 
4.27 
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4.2 Experiments 4, 5, 6 and 7 
The onion (Experiments 4 and 5), garlic (Experiment 6) and leek 
(Experiment 7) crops were applied selected combinations of soil and foliar 
nitrogen, phosphorus and potassium. The important results (Tables 37-62) 
of each experiment are described below. 
4.2.1 Experiment 4 
This factorial randomised field experiment was conducted on two 
of the three varieties of onion that performed better in Experiment 1. They 
were grown with twelve selected combinations of nutrients (Table 5). In 
general, treatment SJ^ JOOP22K90 "^  ^N20P2 ^^^ variety Nasik Red alone as well 
as in combination proved best. The data (Tables 37-49) are summarised 
below. 
4.2.1.1 Growth parameters 
The effect of treatments and their interaction with varieties on 
growth parameters as well as varietal differences at 120 d were found 
significant (Table 37-41). The salient features of data for each parameter 
are given below briefly. 
4.2.1.1.1 Shoot length per plant 
Among treatments, Sj^ jj^ pj^ Kios "*" ^N20P2 (^ ^^ ^ ^NU)OP:2K90 "^  f"N20P2' 
SNI20P28K105 + ^mo and S^^^^^^.^^^^, + Fj^ 20 ^^ing at par in their effect) gave 
higher values for plant height than the other treatments. Treatment 
SNIOOP22K90 + FN2OP2 improved the shoot length by 19.4% over SN8OP2OK75 "^  
^N2o which proved the least effective. 
White Globe variety of onion had taller plants. Its average shoot 
length was 3.3% higher compared with that of Nasik Red. 
Regarding the interaction effect, Sjg,20P26Ki05 "^  ^N20P2 ^ White 
Globe (equalled by interactions of S^^^^^^^IKW + F'N20P2' SKI2OP28KIO5 + ^^20 
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and Sj^ ,QQp24K9o + FN2O ^'^^ White Globe as well as Nasik Red and 
^Ni20P26Kio5 "^  N^20P2 ^'^^ Nasik Red) surpassed all other interactions. 
^NiooP22K9o "^  N^20P2 ^ Nasik Red registered 21.9% higher value compared 
with Sj^ gQp20K75 •*" ^mo ^ Nasik Red which had the least effect (Table 37). 
4.2.1.1.2 Leaf number per plant 
Application of SJ^J20P26K105 + FN20P2' equalled by SN,OOP22K9O + 
^N20P2^" its effect, resulted in higher value than the remaining treatments. 
The effect of the latter treatment also showed parity with that of Sj^ jjgpjgKios 
"*" ^N20' ^N100P24K90 "^  '^N20' ^N140P26K105 "^  ^P2 ^ " " ^N120P22K90 "*" ^P2-
Treatment SJ^ JQQP22K9O "*" f^ N20P2 increased leaf number by 32.6% over 
N^80P20K75 "*" ^N20 ^ ^^ ^ produccd the minimum leaves. 
Variety Nasik Red exhibited higher leaf number than White Globe, 
the increase being 1.6%. 
The most effective interaction for this parameter was SJ^J20P26K105 
+ Fj^ 20P2 ^ Nasik Red. Its effect was equal to that of Sj^ j20P26Ki05 "^  ^N2OP2 
with White Globe as well as Sj^ ioop22K9o + FN2OP2 and SN,20P28KIO5 + FN20 
with Nasik Red. The interaction SjgjQQp22K9o •*" f^ N20P2 ^ Nasik Red 
out-numbered the least effective interaction (Sj^ gQp20K75 "^  ^^ NIO ^ White 
Globe) by 35.7% (Table 38). 
4.2.1.1.3 Leaf area index 
Treatment SJ ,^2OP26KIO5 '^ f^ N20P2 registered the maximum index. 
However, this treatment was at par with SJ^,QQP22K90 + FN20P2 ^^ ^^^ effect. 
Treatment Sjg,QQp22K9o "'' f^N20P2 iniproved the index by 49.0% over S^ g^^ pj^ KTs 
+ Fj^ 2o which exhibited the lowest effect. 
Nasik Red possessed higher index than White Globe, surpassing 
the latter by 10.2%. 
Table 37. Effect of twelve combinations of soil-applied and leaf-applied 
nitrogen, phosphorus and potassium on shoot length (cm) per plant of two 
varieties of onion at 120 d after transplanting 
Treatments (T) 
(kg/ha) 
S + F 
S + F 
'^ N80P20K75 '^N20 
^N100P18K75 "^  ^P2 
S + F 
^N120P24K90 '^ ^W 
S + F 
'^ N100P24K90 ^N20 
S + F 
'^ N120P22K90 ^P2 
S + F 
'^N]00P22K90 '^N20P2 
S + F 
'^ N140P28K105 ^W 
^N120P28K105 '^ ^N20 
^N140P26K105 "^  ^P2 
^N120P26K105''" f^N20P2 
Mean 
CD at 5% 
Varieties (V) 
Nasik Red 
61.50 
57.16 
63.00 
59.00 
65.33 
68.83 
66.16 
69.66 
65.66 
69.33 
66.16 
70.50 
65.19 
T = 1.69 V 
White Globe 
64.00 
60.66 
65.16 
62.66 
67.66 
69.83 
68.33 
71.00 
68.50 
70.33 
68.50 
71.16 
67.32 
= 0.69 
'fc M 
Mean 
62.75 
58.91 
64.08 
60.83 
66.50 
69.33 
67.25 
70.33 
67.08 
69.83 
67.33 
70.83 
TxV = 2.38 
Table 38. Effect of twelve combinations of soil-applied and leaf-applied 
nitrogen, phosphorus and potassium on leaf number per plant of two 
varieties of onion at 120 d after transplanting 
Treatments (T) 
(kg/ha) 
S + F 
'^N100P20K75 ^W 
S + F 
S + F 
'^ NIOOPISKTS ^P2 
S + F 
'^ NSOPISKTS ^N20P2 
S + F 
'^ N120P24K90 ^W 
S + F 
'^ N100P24K90 '^N20 
S + F 
'^ N120P22K90 ^P2 
'^ N100P22K90 ^N20P2 
S + F 
'^ N140P28K105 ^W 
S + F 
''N120P28K105 ^N20 
S + F 
''N140P26K105 ^P2 
S + F 
'^ N120P26K105 ^N20P2 
Mean 
CD at 5% 
Varieties (V) 
Nasik Red 
6.88 
6.33 
7.22 
6.66 
7.99 
8.22 
8.11 
8.44 
8.11 
8.33 
8.22 
8.66 
7.76 
T = 0.30 
White Globe 
6.99 
6.22 
7.33 
6.55 
7.77 
8.11 
7.99 
8.22 
7.88 
8.11 
8.10 
8.44 
7.64 
V = 0.12 TxV 
Mean 
6.94 
6.28 
7.28 
6.61 
7.88 
8.17 
8.05 
8.33 
8.00 
8.22 
8.16 
8.55 
= 0.41 
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SNI20P26K105 + ^mo?2 ^ ^asik Red, being at par with Sj^ ,oop22K9o + 
N^20P2 ^  Nasik Red with regard to this parameter, proved the most effective 
interaction. The latter also showed parity with SJJ,2OP28KIO5 "^  ^N20 ^ Nasik 
Red in its effect. The interaction SJ>J,QQP22K9O "^  ^N20P2 ^ Nasik Red showed 
71.0% higher index than Sj^ gQpjQj-ys + F^2o ^ White Globe which was the 
poorest in its effect (Table 39). 
4.2.1.1.4 Fresh weight per plant 
T h e e f fec t o f SJ^J20P26K105 "^  ' ^N20P2 ^ " " ^ N 1 0 0 P 2 2 K 9 0 "*" ^N20P2' I ' ^ l^g 
at par, was found best, followed by that of SJ^ ,QQP24K9O "^  FN2O (^ ^ P^^ "^^^^ 
that of S ,^20P28Kio5 + Fmo)- Application of S i^oop22K9o + F'N20P2 resulted in 
the production of 57.8% more fresh matter than of Sj^ gQp2oi^ 75 + Fj^ 2o which 
proved the least effective. 
Variety Nasik Red produced 8.3% more fresh matter than White 
Globe. 
Among interactions, S^^2OP26KIO5 "^  ^N20P2 ^ Nasik Red (equalled 
^y '^ NIOOP22K90 "^  ^N20P2 ^ Nasik Red in its effect) surpassed other 
interactions. The latter interaction also showed parit>' with Sj^ ,QQp24]^ 90 + 
^N20 ^ Nasik Red with regard to this parameter. Interaction S^ joQp22K9o "*" 
N^20P2 ^  Nasik Red enhanced fresh weight by 69.4% over Sj^ gQp20K75 ^ FN20 ^ 
White Globe that gave the minimum value (Table 40). 
4.2.1.1.5 Dry weight per plant 
Among treatments, SJ^]20P26K105 "^  f^ N20P2' ^^*"g ^^  P^^ ^ ' * 
N^iooP22K9() "*" N^20P2 ^" '^ ^ effect, gavc maximum value. The effect of these 
treatments was followed by that of Sj^ joop24j^ 9o + ^mo- equalled by that of 
^Ni20P28Kio5 "^  ''^ N20- Treatment SJ^J2OP22K90 "^  ^N20P2 surpassed SjjgQp20K75 "*" 
F^2o (which had the least effect) by 56.2%. 
Table 39. Effect of twelve combinations of soil-applied and leaf-applied 
nitrogen, phosphorus and potassium on leaf area index of two varieties of 
onion at 120 d after transplanting 
Treatments (T) 
(kgAia) 
S + F 
^N80P20K75 "^  ^N20 
S 4- F 
S + F 
S + F 
'^N120P24K90 '^W 
S + F 
'^N100P24K90 '^N20 
S + F 
'^N120P22K90 ^P2 
S + F 
'^N100P22K90 '^N20P2 
S + F 
'^N140P28K105 ^W 
S + F 
'^N120P2SK105 ^N20 
S + F 
'^N140P26K105 ^P2 
^N120P26K.105 "*" *^N20P2 
Mean 
CD at 5 % 
Varieties 
Nasik Red 
6.73 
5.85 
7.33 
6.38 
7.67 
7.95 
7.79 
8.21 
7.54 
8.03 
7.81 
8.24 
7.46 
T = 0.14 
(V) 
White Globe 
V = 
6.07 
4.80 
6.38 
5.28 
7.01 
7.37 
7.20 
7.66 
7.07 
7.46 
7.21 
7.73 
6.77 
0.06 TxV 
Mean 
6.40 
5.33 
6.86 
5.83 
7.34 
7.66 
7.50 
7.94 
7.31 
7.75 
7.51 
7.90 
= 0.19 
Table 40. Effect of twelve combinations of soil-applied and leaf-applied 
nitrogen, phosphorus and potassium on fresh weight (g) per plant of two 
varieties of onion at 120 d after transplanting 
Treatments (T) 
(kgAia) 
^N100P2()K75 "^ '^W 
^N80P20K75 "^ ^N20 
^N100P18K75 "^  ^P2 
^N80P18K75 "^ ^N20P2 
^N120P24K90 "*" ^ W 
'^N100P24K90 ^N20 
^N120P22K90 "^ ^ P 2 
^N100P22K90 "'" ^N20P2 
S + F 
'^N140P28K.105 ^ W 
S + F 
'^N120P28K105 ^N20 
S + F 
'^N140P26K105 ^ P 2 
^N120P26K105''" ^N20P2 
Mean 
CD at 5% 
Varieties (V) 
Nasik Red 
93.66 
83.66 
98.66 
88.66 
109.00 
125.66 
118.33 
131.00 
110.66 
122.33 
118.66 
135.00 
111.27 
T = 4.29 
White Globe 
81.66 
77.33 
87.66 
81.33 
98.66 
117.33 
109.00 
123.00 
100.66 
119.66 
113.00 
123.66 
102.75 
V = 1.75 
Mean 
87.66 
80.50 
93.16 
85.00 
103.83 
121.50 
113.67 
127.00 
105.66 
121.00 
115.83 
129.33 
TxV = 6.06 
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Variety Nasik Red possessed 24.1% more dry matter than White 
Globe. 
Among interactions, Sj^ ,20P26Ki05 "^  ^N20P2 ^ Nasik Red, showing 
parity with S^ joQp22K9o ^ ^NIOPI ^ Nasik Red with regard to this parameter, 
surpassed the other interactions. The effect of the latter interaction was also 
at par with that of Sj^ ,oop24K9o + FN2O ^ ^^^^^ ^^^ Interaction Sj^ ,oop22K9o "^  
F 2^0P2 ^ Nasik Red improved the dry weight by 93.0% compared with 
'^ N80P20K75 "*" N^20 ^  White Globc, which exhibited the least value (Table 41). 
4.2.1.2 Enzyme activity 
The effect of treatments and their interactions with varieties on the 
carbonic anhydrase activity as well as varietal differences in this regard at 
120 d were found significant (Table 42). The data are summarised below. 
4.2.1.2.1 Carbonic anhydrase activity 
As far as the effect of treatments was concerned, SJ^,2OP26KIO5 "^  
Fj^ 20P2' ^s also Sj^ ,(,op22K9o "*" FN20P2' surpasscd the others in this regard. The 
effect of these treatments was followed by that of SJ^ JQOP24K9O "*" ^^20 which 
also had parity with that of SNJ2OP28KIO5 + ^mo- Treatment SNIOOP22K9O + 
Fj^ 20P2 enhanced the enzyme activity by 121.8% over Sj^ gQp20K75 "•" FN20' 
which gave the lowest value. 
Variety Nasik Red showed higher activity than White Globe. The 
difference was of the order of 6.8%. 
With regard to interaction effect, SJ ,^2OP26KIO5 "^  ^N20P2 ^ Nasik Red 
showed parity with SJ^ ,QQP22K9O "•" FN20P2 ^ Nasik Red and surpassed the other 
interactions. However, the latter interaction was also at par in its effect with 
SNI2OP26KIO5 + FN20P2 ^ ^hi tc Globe, SNIOOP22K9O + FN20P2 ^ White Globe and 
SNIOOP24K9O + FN2O ^  ^asik Red. The interaction SJ^ IOOP22K90 + F'N20P2 ^ ^^^ik 
Red registered 136.4% higher activity compared with Sj^ gQpjoKTs •*" FN20 ^ 
White Globe which had the least effect (Table 42). 
Table 41. Effect of twelve combinations of soil-applied and leaf-applied 
nitrogen, phosphorus and potassium on dry weight (g) per plant of two 
varieties of onion at 120 d after transplanting 
Treatments (T) 
(kg/ha) 
S + F 
^N80P20K75 "*" ^N20 
S + F 
'^N100P18K75 ^P2 
S + F 
S + F 
'^N120P24K90 ^W 
S + F 
'^N100P24K90 ^N20 
S + F 
'^N120P22K90 '^P2 
S + F 
'^N100P22K90 ^N20P2 
S + F 
'^N140P28K105 ^W 
S + F 
'^N120P28K105 ^N20 
*; + F 
'^N140P26K105 '^P2 
S + F 
''N120P26K1O5 ^N20P2 
Mean 
CD at 5% 
Varieties (V) 
Nasik Red 
15.59 
13.86 
16.36 
14.63 
18.02 
20.49 
19.27 
21.46 
18.21 
19.89 
19.02 
22.21 
18.25 
T = 0.74 V 
White Globe 
11.98 
11.12 
12.67 
11.76 
14.16 
16.64 
15.09 
17.56 
14.46 
17.10 
15.91 
18.05 
14.71 
= 0.30 
& M 
Mean 
13.79 
12.49 
14.52 
13.20 
16.09 
18.57 
17.18 
19.51 . 
16.34 
18.50 
17.47 
20.13 •• 
TxV= 1.04 
Table 42. Effect of twelve combinations of soil-applied and leaf-applied 
nitrogen, phosphorus and potassium on leaf carbonic anhydrase activity 
(|i mol COj/kg leaf fresh matter/s) of two varieties of onion at 120 d after 
transplanting 
Treatments (T) 
(kg/ha) 
S + F 
'^N100P20K75 ^W 
^N80P20K7S "^  ^ N20 
S + F 
"^NIOOPISKTS '^P2 
S + F 
'^ NSOPISKTS ^N20P2 
^N120P24K90'^ ^W 
^N100P24K90 "^  ^N20 
S + F 
'^N120P22K90 '^P2 
S + F 
'^N100P22K90 ^N20P2 
^N140P28K105 "*" ^ W 
^N120P28K105 "*" ^N20 
S + F 
'^N140P26K105 ^P2 
^N120P26K105 "'' ^N20P2 
Mean 
CD at 5% 
Varieties (V) 
Nasik Red 
110.00 
89.33 
115.33 
96.00 
139.66 
182.66 
159.33 
190.66 
146.66 
179.33 
165.66 
200.00 
147.89 
T = 6.65 
White Globe 
99.66 
80.66 
103.00 
91.00 
132.66 
175.00 
151.00 
186.33 
130.00 
169.00 
156.00 
188.00 
138.53 
V = 2.72 
_ Nn^«^*^ 
Mean 
104.83 
85.00 
109.17 
93.50 
136.16 
178.83 
155.17 
188.50 
138.33 
174.17 
160.83 
194.00 
TxV = 9.41 
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4.2.1.3 Nitrogen, phosphorus and potassium content of leaves 
Leaf content of these nutrients was found significantly affected at 
120 d by the treatments as well as by their interaction with varieties. 
Varietal differences were also significant (Tables 43-45). The data are 
described below briefly. 
4.2.1.3.1 Nitrogen 
Of the treatments, S^ i^oopj^ Kgo + f"N20P2 (equalled by SJ^,2OP26KIO5 + 
N^20P2 ^"^ '^ NiooP24K90 "^  ^N20 ^^ *^^^^ cffcct) provcd supcrior to the other 
treatments. Treatment SJ^ ,QQP22K9O ••" ^N20P2 showed 17.8% higher content 
than Sj^ jQQp2Qj,75 + F ^ which gave the lowest value. 
Variety Nasik Red contained higher level of leaf nitrogen than 
White Globe. The former possessed 12.4% higher content compared with 
the latter. 
Among interactions, SJ^ ,QQP22K9O "^  ^ N20P2 ^ Nasik Red, equalled by 
SNI20P26K105 + FN20P2 ^ ^asik Red and Sj^ ,oop24K9o + FN20 ^ Nasik Red in 
their effect, gave higher values than the others. The interaction SJ^ JQQPJJ^ QQ + 
^N20P2 ^ Nasik Red registered 30.5% higher nitrogen content than 
'^ Nioop20K75 "*" ^w ^ White Globe which proved the least effective (Table 43). 
4.2.1.3.2 Phosphorus 
The effect of Sj^ j^ opj^ i^os "^  Fp2 ^as at par with that of SNIOOP22K90 
"^  ^ N20P2' ^N120P22K90 "*" ^P2' N^120P26K105 "*" f^ N20P2 ^"" N^100P24K90 "^  '^ N20 ^"" 
was better than that of the other treatments. SJ^ JQQP22K9O •*" ^N20P2 improved 
the leaf phosphorus content by 27.3% over SJJJQQP2OK75 + ^w which gave the 
minimum value. 
Variety Nasik Red was superior to White Globe in leaf phosphorus 
content. Nasik Red showed 12.5% higher content than the latter. 
The effect of interaction SJ^J20P22K90 "*" ^P2 ^ Nasik Red, equalled 
by that of interactions of Sjj,Qop22K9o "^  ^N2OP2' ^NI20P26K105 "*" ^N20P2' 
Table 43. Effect of twelve combinations of soil-applied and leaf-applied 
nitrogen, phosphorus and potassium on leaf nitrogen content (per cent of 
dry weight) of two varieties of onion at 120 d after transplanting 
Treatments (T) 
(kg/ba) 
S + F 
S + F 
S + F 
S + F 
'^ NSOPISKTS ^N20P2 
S + F 
'^N120P24K90 ^W 
S + F 
'^N100P24K90 ^N2() 
S + F 
'^N120P22K90 ^P2 
S + F 
'^N100P22K90 ^N20P2 
S + F 
'^N140P28K105 ^W 
S + F 
'^N120P28K105 ^N20 
S + F 
'^N140P26K105 ^P2 
^N120P26K105 "^  ^N20P2 
Mean 
CD at 5% 
Varieties (V) 
Nasik Red 
2.78 
3.08 
2.85 
3.18 
2.98 
3.28 
3.06 
3.38 
2.95 
3.15 
3.08 
3.30 
3.09 
T = 0.10 V 
White Globe 
2.59 
2.65 
2.59 
2.73 
2.61 
2.90 
2.78 
2.96 
2.66 
2.86 
2.81 
2.91 
2.75 
= 0.04 TxV 
Mean 
2.69 
2.87 
2.72 
2.96 
2.80 
3.09 
2.92 
3.17 
2.81 
3.01 
2.95 
3.11 
= 0.14 
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^N140P26K105 •*" ^P2 ' ^N120P28K105 ^ ^N20 ^ " " ^N100P24K90 "^  ^N20 ^^^^ N a s i k 
Red, proved better than that of the other interactions. Application of 
N^!00P22K90 "*" ^N20P2 ^ Nasik Red resulted in 45.0% higher leaf phosphorus 
content than SJ^ JQQPJQKVS "*" ^^ W ^ White Globe which affected it the least 
(Table 44). 
4.2.1.3.3 Potassium 
The effect of treatment SJ^ ,QQP22K9O "^  ^N20P2' ^^^^8 a* par with that 
of SNIOOP24K90 + ^N20 ^nd SJ^^20P26KI05 + ^^ N20P2' ^as Superior to that of the 
other treatments. SJ^ JQQP22K9O "^  f^ N20P2 increased the leaf potassium content 
by 27.1%, compared with SJ^ JQQP2OK75 ••" ^w which registered the lowest 
value. 
Variety Nasik Red surpassed White Globe. The former possessed 
14.5% higher potassium content than White Globe. 
The interaction effect of SJ^ ,QQP22K9O •*" f^ N20P2 ^''^^ Nasik Red 
showed parity with that of SNJOOP24K9O + Fj^ 20' SN,2OP26KIO5 + FN20P2' 
N^120P22K90 "^  Fp2' N^120P28K105 "^  FN20 ^"" N^140P26K105 "^  ^ ?2 '^'*" NaSlk Red 
and was higher than that of the other interactions. SJ^ ,QQP22K9O "^  FN20P2 ^ 
Nasik Red showed 43.7% higher leaf potassium content than the least 
effective interaction Sjj,Q0p20K75 "^  ^ w ^ White Globe (Table 45). 
4.2.1.4 Yield characteristics 
The effect of treatments and of their interactions with varieties on 
yield parameters was significant. So was varietal difference with the 
exception of harvest index (Tables 46-49). The results are given below 
briefly. 
4.2.1.4.1 Bulb diameter 
The effect of SN,2OP26KIO5 + FN2OP2' a* Par with that of Sj^ ,oop22K9o + 
^N20P2' proved superior to that of the other treatments. The effect of the 
Table 44. Effect of twelve combinations of soil-applied and leaf-applied 
nitrogen, phosphorus and potassium on leaf phosphorus content (per cent of 
dry weight) of two varieties of onion at 120 d after transplanting 
Treatments (T) 
(kg/ha) 
^N100P20K75 "*" ^W 
S + F 
'^N80P20K75 ^N20 
^N100P18K75 "*" ^P2 
S + F 
•^ NSOPISKTS '^ N20P2 
^N120P24K90'*' ^^ W 
^N100P24K90 "^  ^N20 
S + F 
'^N120P22K90 ^P2 
S + F 
'^N100P22K90 '^ N20P2 
S + F 
'^NI40P28K105 ^W 
^N120P28K105 '*' ^N20 
S + F 
'^N140P26K105 ^P2 
S + F 
'^N120P26K105 '^ N20P2 
Mean 
CD at 5% 
Varieties (V) 
Nasik Red 
0.23 
0.25 
0.26 
0.26 
0.27 
0.28 
0.30 
0.29 
0.26 
0.28 
0.29 
0.29 
0.27 
T = 0.01 V 
White Globe 
0.20 
0.21 
0.22 
0.21 
0.24 
0.25 
0.26 
0.26 
0.23 
0.24 
0.26 
0.24 
0.24 
= 0.01 
Mean 
0.22 
0.23 
0.24 
0.24 
0.26 
0.27 
0.28 
0.28 
0.25 
0.26 
0.28 
0.27 
TxV = 0.02 
Table 45. Effect of twelve combinations of soil-applied and leaf-applied 
nitrogen, phosphorus and potassium on leaf potassium content (per cent of 
dry weight) of two varieties of onion at 120 d after transplanting 
Treatments (T) 
(kg/ha) 
S + F 
S + F 
'^N80P20K75 '^N20 
^N100P18K75 "*" '^P2 
<\ + F 
S + F 
'^N120P24K90 ^W 
<i + F 
'^N100P24K90 ^N20 
<; + F 
'^N120P22K90 ^P2 
S + F 
'^N100P22K90 '^N20P2 
<i + F 
'^N140P28K105 ^W 
S + F 
'^N120P28K105 '^N20 
^ + F 
'^N140P26K105 '^P2 
^N120P26K105 "*" '^N20P2 
Mean 
CD at 5% 
Varieties (V) 
Nasik Red 
2.36 
2.53 
2.40 
2.66 
2.76 
3.00 
2.90 
3.06 
2.73 
2.86 
2.86 
2.96 
2.76 
T = 0.14 V= 
White Globe 
2.13 
2.26 
2.30 
2.36 
2.46 
2.53 
2.46 
2.66 
2.33 
2.40 
2.46 
2.53 
2.41 
= 0.06 TxV 
Mean 
2.25 
2.40 
2.35 
2.51 
2.61 
2.77 
2.68 
2.86 
2.53 
2.63 
2.66 
2.75 
= 0.20 
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latter treatment itself had parity with that of Sjg,2op28Ki05 "^  ^N2O- Treatment 
^NiooP22K9o "^  N^20P2 enhanced the bulb diameter by 30.4% over S^ gQpjoKvs + 
Fj^ 2o which resulted in the production of bulbs with minimum diameter. 
Variety Nasik Red surpassed White Globe by 5.8% in bulb 
diameter. 
Interaction effect of S^J2OP26KIO5 "^  ^N20P2 ^^^^ Nasik Red 
(equalled by that of SJJJQQP22K9O •*• Ff^ 20P2' ^NI20P28K105 '*' ^N20 ^"" ^NIOOP24K90 
+ Fj^ 2Q with Nasik Red) proved better than that of the other interactions. 
^NIOOP22K90 "^  ^N2OP2 ^ Naslk Red registered 34.9% higher value for bulb 
diameter than Sj^ gQp20K75 "^  f^ N2o ^ Nasik Red which had the minimum value 
(Table 46). 
4.2.1.4.2 Weight per bulb 
Treatment Sj^ ,20P26Ki05 + ^N2OP2 (showing parit>- with Sj^ ioop22K9o+ 
^N20P2 ^" ^^ ^ effect) surpassed the remaining treatments for bulb weight. The 
effect of these treatments was followed by that of Sj^ i2op-)8Ki05 "^  ^N2O which 
itself showed parity with that of Sj^ ,oop24K9o + FN20- Treatment Sj^ ,oop22K9o •*" 
F^2op2 increased the bulb weight by 91.7% over Sj^ gQpjoK.?^  "^  FN2O which had 
the lightest bulhS. 
Variety Nasik Red produced heavier bulbs. They weighed 17.3% 
more than those of White Globe on an average. 
The interaction effect of Sf^ j20P26Kio5 "*" '^N20P2 with Nasik Red, 
being at par with that of Sj^ ,oop22K9o + ^mQ?2 ^ ^asik Red and SN,2OP28K105 + 
^N20 ^ Nasik Red, proved better than that of all other interaction effects. 
The effect of the latter two interactions also showed parity with that of 
SNIOOP24K9() + FN2O ^ Nasik Red. The interaction SNIOO22K9O + fN20P2 ^ Nasik 
Red enhanced bulb weight by 136.5% over Sj^ gQp^ Qj^ j^ + Fj^ jo ^ White Globe 
which affected this parameter the least (Table 47). 
Table 46. Effect of twelve combinations of soil-applied and leaf-applied 
nitrogen, phosphorus and potassium on bulb diameter (cm) of two varieties 
of onion at harvest 
Treatments (T) 
(kg/ha) 
^N100P20K75 •*" ^W 
^N80P20K75 "^  ^N20 
^NIOOPISKTS"*" ^P2 
S + F 
•^NSOPISKTS ^N20P2 
'^N120P24K90 ^W 
S + F 
'^N100P241C90 ^N20 
^ + F 
'^N120P22K90 '^P2 
^ + F 
'^N100P22K90 *^N20P2 
S + F 
'^N140P28K105 ^W 
S + F 
'^N12OP28K105 '^ ^N20 
S + F 
'^N140P26K105 ^P2 
S + F 
'^N120P26K105 ^N20P2 
Mean 
CD at 5% 
Varieties (V) 
Nasik Red 
4.23 
3.90 
4.40 
4.16 
4.73 
5.10 
4.90 
5.26 
4.73 
5.13 
4.93 
5.33 
4.73 
T = 0.20 
White Globe 
4.10 
3.93 
4.20 
4.06 
4.40 
4.70 
4.50 
4.96 
4.43 
4.76 
4.56 
5.00 
4.47 
Mean 
4.17 
3.92 
4.30 
4.11 
4.57 
4.90 
4.70 
5.11 
4.58 
4.95 
4.75 
5.17 
V = 0.08 TxV = 0.29 
Table 47. Effect of twelve combinations of soil-applied and leaf-applied 
nitrogen, phosphorus and potassium on weight (g) per bulb of two varieties 
of onion at harvest 
Treatments (T) 
(kg/ha) 
^N100P20K75 "*" *^ W 
S + F 
'^N80P20K75 ^N20 
S + F 
S + F 
S + F 
'^N120P24K90 ^W 
^N100P24K90 •*" ^N20 
^N12OP22K90 "*" ^ P2 
S + F 
'^N100P22K90 ^N20P2 
S + F 
'^N140P28K105 ^W 
S + F 
'^N120P28K105 ^N20 
S + F 
'^N140P2hK105 ^P2 
S + F 
''N120P26K105 ^N20P2 
Mean 
CD at 5% 
Varieties (V) 
Nasik Red 
35.40 
31.30 
37.53 
33.60 
44.83 
52.93 
47.06 
54.63 
44.96 
53.20 
47.40 
55.63 
44.87 
T = 1.74 V 
White Globe 
28.63 
23.10 
31.40 
25.43 
37.63 
46.43 
40.23 
49.63 
37.76 
47.10 
41.20 
50.40 
38.25 
= 0.71 
Mean 
32.02 
27.20 
34.47 
29.52 
41.23 
49.68 
43.65 
52.13 
41.36 
50.15 
44.30 
53.02 
TxV = 2.45 
89 
4.2.1.4.3 Bulb yield 
Treatments Sjg,2op26Kio5 "^  ^N2OP2 ^"^ ^NIOOP22K9O "*" ^N2OP2 ^^^^ 
equal in their effect and gave higher values than all others. The effect of 
these was followed by that of SJ^J20P28K105 •*• ^mo which itself showed parity 
with the yield obtained with Sj^ ,oop24K9o + FN2O- Treatment Sj^ ,oop22K9o + 
F^ 20P2 registered 84.8% higher yield than Sj^ ggpjo^vs + Fj^ 2o which exhibited 
the least effect. 
Variety Nasik Red surpassed White Globe in bulb yield also. Nasik 
Red out-yielded the latter by 13.6%. 
The effect of SJ ,^20P26K105 "^  ^N2OP2 ^ Nasik Red (equalled by that of 
^N100P22K90 '*' ^N20P2' ^N100P24K90 "^  ^N20 ^^°^ ^N120P28K105 "''^N20 ^ i t h N a s i k 
Red) was superior to that of the others. S^ j(jQp22K9o + FN20P2 ^ Nasik Red 
registered 121.1% higher yield than Sj^ g^ ,p20j,75 + Fj^ 2o ^ White Globe which 
showed the minimum value (Table 48). 
4.2.1.4.4 Harvest index 
Although the effect of treatments on harvest index was significant, 
the differences between many treatments were not conspicuous. None the 
less, treatment SJ^ ,QQP22K9O + f^ N20P2 (among others) showed about 5.9% 
higher index than the least effective treatments Sj^ gQp20K75 + ^N^O ^"^ 
^N80Pi8K75 "^  '^ N20P2 ^hich wcrc at par and critically different in their effect 
from the remaining treatments. 
Varietal difference was conspicuous by its absence with regard to 
the harvest index of the two varieties of onion selected for this experiment. 
Like treatments, the effect of interactions of treatments with 
varieties was not clear-cut as many interactions showed equal effect 
(Table 49). 
Table 48. Effect of twelve combinations of soil-applied and leaf-applied 
nitrogen, phosphorus and potassium on bulb yield (t/ha) of two varieties of 
onion at harvest 
Treatments (T) 
(kgAia) 
^N100P2{)K75 "*" '^W 
S + F 
•'NIOOPISKTS ^P2 
<s + F 
' 'N80P18K75 ^N20P2 
S + F 
'^N120P24K90 ^ W 
S + F 
'^N100P24K90 '^N20 
S + F 
'^N120P22K90 ^P2 
S + F 
'^N100P22K90 ^N20P2 
S + F 
'^N140P28K105 '^W 
S + F 
'^N120P28K105 '^N20 
^N140P26K105 "*" *^P2 
S + F 
'^N120P26K105 ^N20P2 
Mean 
CD at 5% 
Varieties (V) 
Nasik Red 
23.74 
20.58 
25.83 
21.91 
30.88 
33.75 
31.35 
34.62 
30.87 
33.61 
31.58 
34.91 
29.47 
T= 1.11 V 
White Globe 
19.99 
15.66 
21.23 
16.87 
26.16 
30.91 
28.58 
32.33 
26.41 
31.11 
29.08 
32.79 
25.93 
= 0.45 
Mean 
21.87 
18.12 
23.53 
19.39 
28.52 
32.33 
29.97 
33.48 
28.64 
32.36 
30.33 
33.85 
TxV=1.57 
Table 49. Effect of twelve combinations of soil-applied and leaf-applied 
nitrogen, phosphorus and potassium on hartvest index of two varieties of 
onion at harvest 
Treatments (T) 
(kg/ha) 
S + F 
•^ NIOOPIOKTS ^W 
^N80P20K75 "*" ^N20 
^ + F 
S + F 
S + F 
''N120P24K90 '^W 
<s + F 
'^NI00P24K90 ^N20 
<\ + F 
'^N120P22K90 ^ ^P2 
S + F 
'^N100P22K90 ^N20P2 
S + F 
'^N140P28K105 ^W 
^N120P28K105 "*" ^mo 
^N140P26K105 "*" ^P2 
^N120P26K105"^ f^ N20P2 
Mean 
CD at 5% 
Varieties (V) 
Nasik Red 
0.88 
0.85 
0.89 
0.86 
0.89 
0.89 
0.90 
0.90 
0.89 
0.89 
0.90 
0.90 
0.89 
T = 0.01 V 
White Globe 
0.87 
0.85 
0.88 
0.86 
0.88 
0.88 
0.89 
0.89 
0.88 
0.88 
0.88 
0.89 
0.88 
= NS TxV 
\ 4 
Mean 
0.88 
0.85 
0.89 
0.86 
0.89 
0.89 
0.90 
0.90 
0.89 
0.89 
0.89 
0.90 
= 0.02 
NS = non-significant 
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4.2.2 Experiment 5 
In this simple randomised field experiment on Poona Red, the poor 
performing variety of onion (Experiment 1), the effect of twelve selected 
combinations of soil and foliar nitrogen, phosphorus and potassium (Table 
6) was studied on its performance. Among treatments, Sj^ ^^ pj^ j^ ^^ , + PN20P2 
proved superior with regard to most parameters. The data (Tables 50-53) are 
described below briefly. 
4.2.2.1 Growth parameters 
All growth parameters at 120 d were affected significantly by the 
application of treatments (Tables 50 & 51). The prominent data for each 
parameter are given below. 
4.2.2.1.1 Shoot length per plant 
Of the twelve treatments, Sj^ g^ p^ g^ ^^ j + FN20P2' ^^i^ig ^^  P^'' ^^^^ 
^N60P14K60 "^  '^N20P2' ^N60P16K60 "^  '^NIO ^ " " ^N80P20K75 "*" ^NZO *" **^ e i i e c t , 
gave the highest shoot length. The latter three treatments also showed parity 
wit^ ^mmAKM + Fp2 i" their effect. Application of Sj^ ^^ opj^ j^ o^ ^ fN20P2 
resulted in 29.6% taller plants than Sj^ 4Qp]2K45 + FJ^ OQ which registered the 
least value (Table 50). 
4.2.2.1.2 Leaf number per plant 
Treatments S^ gopig^ TS + FN20P2 ^nd S^.^p^j.^, + F^.^p, were at par 
in their effect and were responsible for the production of maximum number 
of leaves. The effect of these treatments was followed by that of SJ^80P20K75 
+ F^2o which itself showed equality with the effect of S^^^pj^j.^^ + Fj^jc 
^N80Pi4K6o "^  Fp2, Sj^ ,ggpjgj^ 75 + Fpj and Sj^ jyyp2Qi^ 75 + ¥y^. Treatment 
^N60Pi4K6o "^  N^20P2 '"iproved leaf number by 28.1% compared with 
^N40Pi2K45 "^  ^ N2o ^^^ich affected it the least (Table 50). 
Table 50. Effect of twelve combinations of soil-applied and leaf-applied 
nitrogen, phosphorus and potassium on shoot length, leaf number and leaf 
area index of Poona Red variety of onion at 120 d after transplanting 
Treatments 
(kg/ha) 
S + F 
'^N60P12K45 ^W 
^N40P12K45 "^  '^NIO 
^N60P10K45 "^  ^P2 
S + F 
'^N40P10K45 ^N20P2 
S + F 
'^N80P16K60 ^W 
S + F 
S + F 
•^ NSOPMKGO '^P2 
S + F 
'^N60P14K60 '^N20P2 
^N100P20K75 "^  ^W 
S + F 
'^N80P20K75 ^N20 
S + F 
•^ NIOOPISKTS ^P2 
S + F 
"^ NSOPISKTS ^N20P2 
CD at 5% 
Shoot length 
(cm) per plant 
53.16 
50.16 
54.83 
51.83 
60.50 
64.00 
62.50 
65.00 
60.83 
63.16 
61.83 
65.33 
2.79 
Leaf number 
per plant 
6.55 
6.33 
7.00 
6.55 
7.11 
7.55 
7.33 
8.11 
7.22 
7.55 
7.33 
8.22 
0.40 
Leaf area 
index 
5.55 
5.25 
5.42 
5.26 
5.77 
6.26 
6.00 
6.50 
5.80 
6.30 
6.06 
6.53 
0.18 
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4.2.2.1.3 Leaf area index 
Treatments S^ g^^ pigj^ s^ + F^^^pj and S^^ OPIAKGO + FN20P2 S^ve equal 
leaf area index. The effect of these was followed by that of Sj^ gQpjo^ ys + 
Fj^ 2o (equalled by that of Sj^ Q^p,gj.^ Q + Fj^ jo)- ^ " increase of 23.8% resulted 
on the application of S^^ opj^ j^ ^^  + F^^opi o^ e^ " SN40PI2K45 + ^mo ^^^'ch had 
the least effect (Table 50). 
4.2.2.1.4 Fresh weight per plant 
Treatment S^ g^opjgj^ j^ + FN20P2' showing parity with SN6OP,4K60 + 
Fj^ 20P2'" '*s effect, registered the highest value for fresh weight. The effect 
of these treatments was followed by that of S}^ gQp20K75 "^  ^ mo which was at 
par with that of S^gopieKeo + ^mo- Treatment S^ o^PMKeo "^  PN20P2 improved 
fresh weight by 71.4% over Sj^ 4Qp52K45 + FN20 ^^ich registered the minimum 
value (Table 51). 
4.2.2.1.5 Dry weight per plant 
There was an equal effect of S^SOPISKTS + FN20P2 ^"^ SN6OPI4K6O + 
^N20P2 ^^ ^^^^ parameter and they produced the maximum dry matter. The 
effect of these treatments was followed by that of Sj^ gQp20K75 "^  ^ mtp which 
itself proved at par with that of Sj^ o^pj^ j^ Q^ + F^2o- Application of S^ o^pj^ j^ g^ 
+ Fj^ 20P2 resulted in 68.4% increase over Sj^ 40p,2K45 + FN20 which exhibited 
the lowest dry weight (Table 51). 
4.2.2.2 Enzyme activity 
Effect of treatments on the leaf carbonic anhydrase activity at 
120 d was significant. The results (Table 51) are given below in brief. 
4.2.2.2.1 Carbonic anhydrase activity 
Carbonic anhydrase activity was maximum with Sj^ ggp^ g^ j^ + FN20P2 
Its effect was equalled by that of Sj^ gQp,4j^ 6o "•" f^ N20P2 ^^^ effect of 
Table 51. Effect of twelve combinations of soil-applied and leaf-applied 
nitrogen, phosphorus and potassium on fresh weight, dry weight and leaf 
carbonic anhydrase activity of Poona Red variety of onion at 120 d after 
transplanting 
Treatments 
(kgAia) 
S + F 
'^N60P12K45 '^W 
^N40P12K45 "'' ^N20 
^N60P10K45 "*" ^P2 
S + F 
'^N40P10K45 '^N20P2 
S + F 
S + F 
'^N60P16K60 ^N20 
^N80P14K60 "*" ^P2 
S + F 
'^N60P14K60 ^N20P2 
S + F 
'^N100P20K.75 '^W 
S + F 
'^N80P20K75 ^N20 
^N100P18K75 "^  ^P2 
S + F 
•^NSOPISKVS '^N20P2 
CD at 5% 
Fresh weight 
(g) per plant 
70.83 
65.16 
72.00 
67.33 
86.00 
103.00 
94.66 
111.66 
87.33 
105.00 
96.66 
115.33 
5.90 
Dry weight 
(g) per plant 
9.94 
9.07 
9.98 
9.31 
12.08 
14.14 
13.14 
15.27 
12.23 
14.41 
13.35 
15.53 
0.77 
Carbonic 
anhydrase activity' 
(^ i mol COj/kg 
leaf fresh matter/s) 
83.33 
71.00 
96.33 
86.00 
121.66 
162.00 
141.33 
170.66 
124.00 
158.66 
144.00 
171.66 
7.24 
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treatment Sj^ f,opi^ j^ ^^ , - F^ ^^ .o- equalled by that of SNgoP20K75 + ^NZO' occupied 
the next lower position Treatment S^ Q^p^ j^^ ,^^ , + F^^opi increased the activity 
of the enzyme by 140 4% over Sj^ 4Qp,2K45 + FN20 which showed the least 
effect (Table 51). 
4.2.2.3 Nitrogen, phosphorus and potassium content of leaves 
Treatments affected leaf nitrogen, phosphorus and potassium 
content at 120 d significantly (Table 52). A concise account of the data is 
given below. 
4.2.2.3.1 Nitrogen 
The effect of treatment Sf^ gQpjgj.^ ^ + Fj^ jopz ^^^ ^^  P^^ ^^^^ *^^^ *^ ^ 
eight other treatments, mcluding Sjg^ j^jp]^ ,^ ,^) + F 2^0P2- ^^^ latter exhibited 
15.3% higher leaf nitrogen content than Sj^ y^p,21^ 45 + F^ which had the least 
effect (Table 52). 
4.2.2.3.2 Phosphorus 
The effect of treatment SjggQp,^ ^^ + Fj^2^2 wasatpar wfth that of 
seven other treatments This treatment showed 25.6% higher leaf phosphorus 
content than Sj^ gQp]2K45 + F^ ^ which proved the least effective (Table 52). 
4.2.2.3.3 Potassium 
The effect of treatment S^ g^^ p^jgj^ j^ + Fjg20P2 showed parity with that 
O^  N^60P14K60 "*" ^ N20P2' N^80P20K75 "^  f^ N20' N^60P16K60 "^  ^N20' N^80P14K60 "*" 
^P2' ^Ni()0P20K75 "*" ^w ^"" ^NiooPi8K75 "*" ^P2' Treatment Sj^ Q^p^ j^^ ^^ Q + Fj^ 20P2 
improved the leaf potassium content by 23.1% over SjggQp,2K45 "^  ^ w which 
gave the lowest value (Table 52). 
4.2.2.4 Yield characteristics 
There was a significant effect of the applied treatments on all yield 
parameters studied. The results (Table 53) are summarised below. 
Table 52. Effect of twelve combinations of soil-applied and leaf-applied 
nitrogen, phosphorus and potassium on leaf nitrogen, phosphorus and 
potassium content (per cent of dry weight) of Poona Red variety of onion at 
120 d after transplanting 
Treatments 
(kg/ha) 
S + F 
'^N60P12K45 '^W 
S + F 
'^N40P12K45 ^N20 
S + F 
'^N60P10K45 ^P2 
^N40P10K45 "*" ^N20P2 
^N80P]6K60"'" *^ W 
S + F 
•^ NeOPieKGO ^N20 
S + F 
'^N80P14K60 ^P2 
S + F 
'^N60P]4K60 ^N20P2 
*? + F 
'^ NlOOP20K75 ^W 
S + F 
'^N80P20K75 ^N20 
S + F 
•^ NIOOPISKTS ^P2 
S + F 
"^ NSOPISKTS ^N20P2 
CD at 5% 
Nitrogen 
3.00 
3.26 
3.13 
3.36 
3.23 
3.40 
3.26 
3.46 
3.16 
3.46 
3.26 
3.50 
0.28 
Phosphorus 
0.39 
0.41 
0.42 
0.41 
0.45 
0.48 
0.49 
0.49 
0.46 
0.47 
0.48 
0.48 
0.05 
Potassium 
3.60 
3.83 
3.70 
3.96 
4.03 
4.20 
4.13 
4.43 
4.06 
4.23 
4.06 
4.46 
0.42 
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4.2.2.4.1 Bulb diameter 
Among treatments, S^gQpig^^ j + F^^opi and SJ^6OPI4K60 + ^NIOPI 
were equal in their effect and gave the highest value for bulb diameter. The 
effect of these was followed by that of Sj^ o^pj^ j^ o^ + F^jo which itself was at 
par with that of SN80P20K75 + ^mo- Treatment SN6OPI4K60 + ^moP2 registered 
41.7% higher value over S^ ^Qp^ ^^ j^ + Fj^ o^ which was the poorest in its 
effect (Table 53). 
4.2.2.4.2 Weight per bulb 
Treatments S^g^p^g^ j^ + Fj^jopi' at par with Sj^ o^PHKeo + FN20P2 i" 
its effect, produced the heaviest bulbs. The next effective treatment was 
SN80P20K75 + FN20 which showed parity with SN6OPI6K60 + ^mo- Treatment 
SN60P14K60 + FN20P2 produccd 101.8% heavier bulbs than Si^ 4opj2K45 + ^mo 
which gave the lowest value (Table 53). 
4.2.2.4.3 Bulb yield 
Like the above yield parameters, S^ gopisKTs + ^N20P2 and SJ^6OPI4K60 
+ FJ^20P2 were at par in their effect and gave the highest yield. The effect of 
these was followed by that of Sj^ Q^pj^ j^ Q^ + Fj^ jo which also showed equality 
with that of Sj^ g^ pjoKTs + FN2O- Treatment S^ ^^ p^j^ j^ o^ + Fj^ 20P2 registered 
11.2% higher bulb yield than Sj^ 4Qp|2K45 ••" FN20 which affected this 
parameter the least (Table 53). 
4.2.2.4.4 Harvest index 
The effect of treatments on harvest index was not well defined, 
most treatments showing equality in their effect (Table 53). 
4.2.3 Experiment 6 
This experiment was conducted on the garlic crop according to a 
simple randomised block design. The cloves were grown with twelve 
selected combinations of soil and foliar nitrogen, phosphorus and potassium 
Table 53. Effect of twelve combinations of soil-applied and leaf-applied 
nitrogen, phosphorus and potassium on yield characteristics of Poona Red 
variety of onion at harvest 
Treatments 
(kg/ha) 
S + F 
^N40P12K45 "^  ^N20 
^N60P]0K45 "^  ^P2 
^N40P10K45 "^  ^N20P2 
^N80P16K60 "^  '^W 
^N60P16K60 "^  ' ' N 2 0 
^N80P14K60 "*" ^P2 
S + F 
'^ N60P14K60 ^N20P2 
S + F 
'^ N100P2()K75 "^ W^ 
S + F 
'^ N80P20K75 ^N20 
S + F 
•^ NIOOPISKTS '^P2 
S + F 
"^ NSOPISKTS ^N20P2 
CD at 5% 
Bulb dia-
meter (cm) 
3.70 
3.36 
3.93 
3.53 
4.03 
4.53 
4.16 
4.76 
4.10 
4.50 
4.20 
4.80 
0.20 
Weight (g) 
per bulb 
25.06 
20.30 
28.40 
22.20 
29.23 
36.73 
31.60 
40.96 
28.83 
37.06 
31.96 
41.30 
2.28 
Bulb yield 
(t/ha) 
16.93 
12.66 
18.66 
14.33 
19.66 
24.66 
22.73 
26.86 
20.00 
24.63 
22.66 
27.93 
1.80 
Harvest 
index 
0,87 
0.85 
0.87 
0.85 
0.88 
0.88 
0.88 
0.89 " 
0.88 
0.89 
0.88 
0.89 
0.02 
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(Table 7). Of the treatments applied, Sj^ 7Qp,gj-(3(, + Fj^ jopi proved best for 
most parameters (Tables 54-58). The important findings are described 
below. 
4.2.3.1 Growth parameters 
All growth parameters studied at 155 d were affected significantly 
by the application of treatments. The data for these parameters (Table 54 & 
55) are summarised below. 
4.2.3.1.1 Shoot length per plant 
The effect of treatment Sj^ g5p,cjj^ 7Q + Fj^ 20P2 ^^^ ^^  P^'' ^^^^ ^^^* °^ 
several other treatments, including Sj^ -^ Qp^ gj^ p^ + ^mo?2 which registered 
10.3% higher shoot length than the least effective treatment S^jjpjjj-^Q + 
Fj,2o (Table 54). 
4.2.3.1.2 Leaf number per plant 
The effect of treatment Sj^ ggfj^ j.^ ^ + f^ Niopi ^^^ ^^^^ ^"^ ^^^ equal 
to that of some other treatments, including S^ 7,)pj^ j^ (^ Q + Fj^ 2()P2- Application 
of the latter treatment resulted in the production of 26.5% more leaves than 
that of Sj^ 55p,5j<^ 5Q + Fj^ 2o which exhibited the least effect (Table 54). 
4.2.3.1.3 Leaf area index 
Treatments S^^^^^^^^^ + F^^OP: ^n^ SN7OPI6K60 + FN20P2 showed 
parity in their effect and improved the index maximally. The effect of these 
was followed by that of Sj^ ^^pji^ ^^ + Fj^ 2() (^ ^ P^ *" with that of S^ o^pigj^ p^ + 
^N2o)- Treatment Sfj7opi6K6() "^  ^N20P2 increased the index by 22.5% compared 
with Sj^ j5p,5j^ 5o + F^2O which gave the minimum value (Table 54). 
4.2.3.1.4 Fresh weight per plant 
Among treatments, Sj^ o^p^ i^^ .^^  + Fj^ 20P2 (^^ also S^^^^^^^^^^ ^ 
Fjg2Qp2) surpassed the others in producing fresh matter. The effect of these 
Table 54. Effect of twelve combinations of soil-applied and leaf-applied 
nitrogen, phosphorus and potassium on shoot length, leaf number and leaf 
area index of garlic at 155 d after sowing 
Treatments 
(kg/ha) 
^N75P15K50 "^  ^W 
^N55P15K50 "*" ^N20 
^NTSPISKSO"*" ^P2 
^N55P13K50 "*" ^N20P2 
^N90P18K60''' ^W 
S + F 
"^NTOPlSKeO ^N20 
^N90P16K60 "*" '^P2 
^N70P16K60 "*" '^N20P2 
^N105P21K.70 "^  ^W 
S + F 
'^N85P21K70 '^N20 
^N105P19K70 "*" ^P2 
S + F 
'^N85P19K70 ^N20P2 
CD at 5% 
Shoot length 
(cm) per plant 
96.10 
90.20 
96.50 
91.50 
98.00 
98.50 
98.10 
99.50 
97.86 
98.50 
98.33 
99.60 
2.29 
Leaf number 
per plant 
11.50 
10.06 
11.73 
10.40 
12.50 
12.60 
12.50 
12.73 
12.76 
12.60 
12.53 
12.83 
0.48 
Leaf area 
index 
4.10 
3.96 
4.20 
4.00 
4.36 
4.70 
4.50 
4.85 
4.33 
4.73 
4.56 
4.86 
0.11 
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treatments was followed by that of Sj^ 7Qp,gj^ o^ + Fj^ jo which was also at par 
with that of SNJJ5P2,K7O + FN2O- Treatment SN^OP,^^,^ + F 2^0P2 enhanced the 
fresh weight by 43.7% over Sj^jjpjjj^j^ + Fj^ jo which registered the minimum 
value (Table 55). 
4.2.3.1.5 Dry weight per plant 
Like fresh weight, dry weight was also maximum with Sj^ ^^ pj^ j^ , + 
f^ N20P2 ^^ ^^^^ ^^  N^85Pi9K7o "^  ^ N20P2- Treatment Sj^ ^^ pjgj^ Q^ + Fj^ jo (equalled 
^y '^ N85P2iK7o "*" ^N2o) followed the above treatments with regard to dry 
matter production. Application of Sj^ p^pj^ j^ gQ + Fj^ 20P2 resulted in 33.1% 
higher value than Sj^ jjpjjj^ jQ + F^ ^^ Q which gave the least value (Table 55). 
4.2.3.2 Enzyme activity 
Effect of treatments on the carbonic anhydrase activity at 155 d 
was significant. The data (Table 55) are described below in brief. 
4.2.3.2.1 Carbonic anhydrase activity 
Treatments Sj^ gjpj^ j^ ^^ + Fj^ 20P2 ^^" ^N70PI6K60 "^  ^N20P2 ^^^^ 
equally effective and caused maximum enzyme activity. The effect of the 
next treatment in the decreasing order was that of Sj^ g5p2,j^ 7Q + Fj^ 2o which 
was, however, equal to that of Sj^ Q^pjgj^ y^ + F j^o- Treatment Sj^ g^pieKeo + 
F^2op2 registered 146.3% higher value in comparison with Sj^ jjpj^ j^ jQ + Fj^ jo 
which showed the minimum activity (Table 55). 
4.2.3.3 Nitrogen, phosphorus and potassium content of leaves 
The treatments affected the nitrogen, phosphorus and potassium 
content of leaves at 155 d significantly. The results (Table 56) are 
summarised below. 
4.2.3.3.1 Nitrogen 
Of the twelve treatments, appUcation of Sj^ ^^ pj^ j^ p^ + FN20P2' ^^ ^^^° 
of Sj^ 85P,9^ 7o + Fj^ 20F2 ^nd S^ Q^p^ gj^ Q^ + F^20' resulted in the maximum 
Table 55. Effect of twelve combinations of soil-applied and leaf-applied 
nitrogen, phosphorus and potassium on fresh weight, dry weight and leaf 
carbonic anhydrase activity of garlic at 155 d after sowing 
Treatments 
(kgAia) 
S + F 
S + F 
S + F 
S + F 
'^N55P13K50 ^N20P2 
S + F 
S + F 
•^ NTOPISKGO ^N20 
^N90P16K60 "^  ^P2 
<i + F 
'^N70P16K60 ^N20P2 
S + F 
'^N105P21K70 ^W 
^N85P21K70 "^  ^ N20 
^N105P19K70 "*" '^P2 
^N85P19K70"'' ^N20P2 
CD at 5% 
Fresh weight 
(g) per plant 
182.20 
166.33 
187.13 
171.43 
197.06 
224.60 
211.03 
239.03 
200.40 
224.53 
211.46 
236.00 
9.81 
Dry weight 
(g) per plant 
29.06 
26.76 
29.80 
27.22 
31.85 
34.66 
33.66 
35.63 
31.91 
34.62 
33.97 
35.39 
0.63 
Carbonic 
anhydrase activit> 
()i mol CO,/kg 
leaf fresh matter s) 
74.66 
64.00 
68.33 
80.66 
114.33 
142.33 
125.66 
157.66 
110.00 
144.66 
133.33 
160.00 
8.19 
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content. The latter two treatments also exhibited equality in their effect with 
that of SN^5PJ^K70 + Fmo- Treatment S^^^^^^y^^^,, + F^^opi improved the leaf 
nitrogen content by 13.2% over Sj^ j^pi^ j^ j^  + Fy^  application of which 
resuhed in the lowest content (Table 56). 
4.2.3.3.2 Phosphorus 
The effect of treatment Sj^ ^^ pj^ j^ ^^ , + Fpj was equal to thai of 
SN70P16K60 + FN20P2' ^mong others. Application of S^ ^^ pj^ K^Go + FN20P2 
resulted in 30.0% higher content compared with Sj^ j^pjj^ j^^  + F^ which 
proved the least effective (Table 56). 
4.2.3.3.3 Potassium 
The effect of treatment Sjg7Qp,gj,^ o+ Fj^ 20P2 showed parity with that 
of several other treatments. An increase of 29.5% was noted with Sj^ .7Qp^ j^^ gQ 
+ Fj^ 20P2 °ver Sj^ 75pj5j^ 5Q + F^ which gave the lowest value (Table 56). 
4.2.3.4 Yield characteristics 
The yield parameters at harvest were affected significantly by the 
application of treatments (Tables 57 & 58). The concise account of each 
parameter is given below. 
4.2.3.4.1 Bulb diameter 
The maximum bulb diameter was with Sj^ jj^ pi^ j^ o^ + Fj^ 20P2 ^^^ 
SN7OPI6K60 + FN20P2- ^hese treatments were followed by SN85P2IK7O+ ^mo 
which was itself equal to Sj^ y^pj^ j^ ^^ ^ + F^jo i^ ^ xhch effect. Application of 
'^ N7opi6K6o "*" f^ N2()P2 ^^^anced the bulb diameter by 36.4% over that of 
N^55Pi5K50 "*" ^N20 which exhibited the lowest value (Table 57). 
4.2.3.4.2 Weight per bulb 
Treatments Sj^ gjpj^ j^ y^ + F^^opi ^"'^ ^N7OPI6K6() "•" ^N2()P2 showed 
equalitN' in their effect and surpassed other treatments. Treatment S^ o^pj^ j^ p^ 
Table 56. Effect of twelve combinations of soil-applied and leaf-applied 
nitrogen, phosphorus and potassium on leaf nitrogen, phosphorus and 
potassium content (per cent of dry weight) of garlic at 155 d after sowing 
Treatments 
(kg/ha) 
^N75P15K50 •'" '^ W 
S + F 
^N75P13K50"^ ^?2 
•^ NSSPISKSO ^N20P2 
S + F 
S + F 
•^ NTOPlSKeO ^N20 
S + F 
'^N90P16K60 ^P2 
S + F 
'^ N70P16K60 '^ N20P2 
S + F 
'^N105P21K70 ^W 
*s + F 
'^N85P21K70 ^N20 
S + F 
'^ N105P19K70 '^P2 
^N85P19K70'^ '^ N20P2 
CD at 5% 
Nitrogen 
2.65 
2.75 
2.70 
2.80 
2.86 
2.90 
2.85 
3.00 
2.81 
2.89 
2.80 
2.99 
0.10 
Phosphorus 
0.20 
0.21 
0.22 
0.21 
0.25 
0.25 
0.27 
0.26 
0.24 
0.25 
0.26 
0.25 
0.02 
Potassium 
1.93 
2.13 
2.03 
2.20 
2.26 
2.36 
2.33 
2.50 
2.23 
2.36 
2.33 
2.46 
0.18 
Table 57. Effect of twelve combinations of soil-applied and leaf-applied 
nitrogen, phosphorus and potassium on yield characteristics of garlic at 
harvest 
Treatments 
(kg/ha) 
^N75P15K50 "*" ^W 
S + F 
S + F 
^N55P13K50 "^  ^N20P2 
S + F 
S + F 
S + F 
'^N90P16K60 ^P2 
S + F 
'^ N70P16K60 ^N20P2 
S + F 
'^N105P21K70 ^W 
S + F 
'^N85P21K70 ^N20 
S + F 
'^N105P19K70 '^P2 
S + F 
'^N85P19K70 '^N20P2 
CD at 5% 
Bulb dia-
meter (cm) 
4.06 
3.76 
4.06 
3.80 
4.46 
4.86 
4.46 
5.13 
4.43 
4.90 
4.43 
5.20 
0.20 
Weight (g) 
per bulb 
22.33 
19.30 
22.86 
19.76 
25.26 
31.40 
28.53 
35.06 
25.40 
32.30 
28.96 
35.73 
2.30 
Clove number 
per bulb 
29.96 
27.30 
30.06 
28.53 
34.16 
34.86 
34.53 
35.53 
34.40 
35.40 
34.66 
35.83 
0.97 
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+ Fjj20P2 S*^^ 81.7% heavier bulbs than Sj^jjpjjj^j^ + Fj^ jo which proved the 
least effective (Table 57). 
4.2.3.4.3 Clove number per bulb 
Treatment Sj^ gjpjg^ To + ^mon (^ ^ P^'' ^^^^ ^N7OPI6K60 •*" ^moP2^ 
SN85P2IK70 + FN20 ^nd SN7OPI8K60 + ^Nio) provcd superior in its effect to the 
other treatments. Treatment Sj^ ^^ pj^ j^ Q^ + Fj^ 20P2 S^ve 30.1% higher value 
than Sjj55pi5K5o + Fjj2o which produced the minimum clove number per bulb 
(Table 57). 
4.2.3.4.4 100-clove weight 
Application of S^ gjpjgjr^ Q + Fj^ 20P2 (equalled in its effect by 
^N70Pi6K6o'^  ^N20P2) resulted in the maximum value. The second best 
treatment with regard to this parameter was Sj^ g5p2jj^ 7Q + Fj^ 2o which showed 
parity with SN7OP,8K60 -^ ^mo- Treatment SJ^7OPI6K6O "^  FN20P2 improved 
100-clove weight by 9.5% over Sj^ jjp j^j^ Q + F^ j^o which was registered to be 
the least effective (Table 58). 
4.2.3.4.5 Bulb yield 
Like the other yield parameters, bulb yield was maximum with 
SN85P19K7O+ FN20P2 ^S Well as Sj^ 7op,6K6o + FN20P2 ^S thesc treatments had 
equal effect. The effect of these was followed by that of Sj^ g5p2iK.7o + ^fiio 
which was at par with that of S^ ^^ Qpjgjr^ Q + ^mo- Treatment Sj^ Q^p^ gj^ Q^ + 
N^20P2 enhanced bulb yield by 63.9% over Sj^jjpjjjrjQ + F^JQ which showed 
the minimum value (Table 58). 
4.2.3.4.6 Harvest index 
The effect of treatment SJ^85P19K7O'^  ^N20P2 ^^^ equal to those of 
several other treatments, including SJ^ ^QPJ^ J^ ^Q + Fj^ 20P2- The latter gave 7.0% 
higher index than Sj^ 35p^ 5j^ 5Q+ Fjj2o which was noted to be the least effective 
(Table 58). 
Table 58. Effect of twelve combinations of soil-applied and leaf-applied 
nitrogen, phosphorus and potassium on yield characteristics of garlic at 
harvest 
Treatments 
(kgyTia) 
<s + F 
^N55P15K50 •'' ^N20 
S + F 
^N55P13K50 •'" '^N20P2 
S + F 
'^N90P18K60 ^ W 
S + F 
'^N70P18K60 '^N20 
^N90P16K60 "^ ^P2 
^N70P16K60 •*" *^N20P2 
^N105P21K70 "'' ^ W 
S + F 
'^N85P21K70 '^N20 
^N105P19K70 "^  ^P2 
S + F 
'^N85P19K70 ^N20F2 
CD at 5% 
100-clove 
weight (g) 
90.83 
88.33 
91.66 
89.00 
92.50 
95.50 
94.26 
96.73 
93.00 
95.53 
94.26 
96.80 
1.18 
Bulb yield 
(t/ha) 
11.50 
9.66 
12.00 
10.16 
12.83 
14.33 
13.53 
15.83 
12.83 
14.66 
13.70 
16.33 
0.61 
Harx'est 
index 
0.73 
0.71 
0.74 
0.72 
0.75 
0.75 
0.76 
0.76 
0.75 
0.75 
0.76 
0.77 
0.02 
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4.2.4 Experiment 7 
In this experiment, conducted according to a simple randomised 
block design, leek was grown with twelve selected combination of soil and 
foliar nitrogen, phosphorus and potassium (Table 8). Among treatments, 
N^io{)P22K8o "^  N^2()P2 Pfov^'l ^^st for most parameters. The important 
findings (Tables 59-62) are described below briefly. 
4.2.4.1 Growth parameters 
All growth parameters studied at 120 d were affected significantly 
by the application of the treatments. The data for each parameter (Tables 59 
& 60) are summarised below. 
4.2.4.1.1 Shoot length per plant 
The effect of Sf^ iQQpjjjcgo "^  f^ N20P2 ^^^ *^  P '^^  ^'^^ *^ *^ ^^ several 
other treatments. As much as 14.4% higher value was registered in the case 
of this treatment compared with Sj^ gjpjjj^ yo + Fj^ jo which showed the least 
effect (Table 59). 
4.2.4.1.2 Leaf number per plant 
Application of Sj^ ,„„p22K8o + FN20P2 equalled by S^^^^p^^^^^^ + 
N^20P2 ^" **^  effect resulted in the production of maximum number of leaves. 
The effect of the latter treatment was also equal to that of Sj^ ]Q()p24j^ 8o + 
F^2o- Treatment S^ ,„Qp22K}j(j + FN2OP2 increased leaf number by 32.5% over 
^N85P2iK7o "'' ^N2o ^ hich gave the least value (Table 59). 
4.2.4.1.3 Leaf area index 
Application of treatment SJ ,^OOP22K8O + FN20P2 ^nd Sj^ ,,5p25K9o + 
^N20P2' being equal in their effect, resulted in maximum leaf area index. The 
effect of these treatments was followed by that of Sj^ ,yyp24)^ g,) + F^2o (^t par 
with that of SNJ,5P27K9« + ^mo)- Treatment SN,OOP22K8O + FN2OP2 improved 
Table 59. Effect of twelve combinations of soil-applied and leaf-applied 
nitrogen, phosphorus and potassium on shoot length, leaf number and leaf 
area index of leek at 120 d after transplanting 
Treatments 
(kg/ha) 
^N105P21K70 "^  ^W 
S + F 
S + F 
^N85P19K70 "^  ^N20P2 
^N120P24K80"'" ^W 
S + F 
'^N100P24K80 ^N20 
S + F 
'^N120P22K80 ^P2 
S + F 
'^N100P22K80 '^ N20P2 
S + F 
'^N135P27K90 ^W 
S + F 
'^Nn5P27K90 ^N20 
S + F 
'^N135P25K90 ^P2 
S + F 
'^Nn5P25K90 ^N20P2 
CD at 5% 
Shoot length 
(cm) per plant 
88.33 
85.33 
89.16 
86.66 
94.00 
95.83 
95.33 
97.66 
94.50 
96.16 
95.00 
97.00 
4.30 
Leaf number 
per plant 
8.99 
8.55 
9,33 
8.66 
10.22 
10.55 
10.33 
11.33 
10.22 
10.44 
10.22 
11.00 
0.55 
Leaf area 
index 
5.33 
5.16 
5.46 
5.32 
5.56 
6.47 
5.80 
6.83 
5.54 
6.33 
5.76 
6.67 
0.18 
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leaf area index by 32.4% compared with Sjgg5p2,j^ 7Q + F^jo which affected it 
the least (Table 59). 
4.2.4.1.4 Fresh weight per plant 
Among treatments, Sj^ ,QQp22K8n "^  ^N20P2 ^"" ^NII5P25K90 "*" ^N20P2 
were equally effective and superior to the other treatments. Sj^ j,5p27i^ 90 + 
Fj^ 2o (equalled by SJ^ JQQP24K;8Q + Fj^ 2o '" '^ ^ effect) followed the above 
treatments with regard to production of fresh matter. Sj^ ,gQp22K8o "*" ^N2OP2 
produced 38.9% more fresh matter than Sj^ g5p2,j^ 7Q + Fj^ 2o which had the 
least value (Table 60). 
4.2.4.1.5 Dry weight per plant 
For dry weight also, treatments SJ^ JQQP22K8O "^  ^N20P2 ^"^ 
N^ii5P25K90 "^  ^N20P2 showcd parity in their effect and gave the highest value. 
Treatment SN,,5P27K9O + ^mo and Sj^ ,oop24K8o + FN20 ^^^e also at par and 
next in effectiveness. Treatment SJ^ JQQPJJKSO "^  ^N20P2 produced 38.5% more 
dry matter than Sj^ g5p2ij^ 7o + Fj^ jo which had the least value (Table 60). 
4.2.4.2 Enzyme activity 
The effect of treatments on carbonic anhydrase activity at 120 d 
was significant. The data (Table 60) are described below in brief. 
4.2.4.2.1 Carbonic anhydrase activity 
Treatments S^^ jjjpjjj^ ciQ + F^ 20P2 and SJ ,^QQP22K8O "^  ^N20P2 S^ve 
equal as well as maximum activity of the enzyme. The effect of these was 
followed by that of SJ^ JQQP24K8O "*" ^mo which showed parity with that of 
SNII5P27K90 + FN2O- Treatment Sj^ ioop22K8o + FN20P2 improved the enzyme 
activity by 91.7% over Sj^ g5p2jp^ 7o + Fj^ jo which affected it the least 
(Table 60). 
Table 60. Effect of twelve combinations of soil-applied and leaf-applied 
nitrogen, phosphorus and potassium on fresh weight, dry weight and leaf 
carbonic anhydrase activity of leek at 120 d after transplanting 
Treatments 
(kg/ha) 
^N105P21K70 "*• ^W 
S + F 
S + F 
'^ N105P19K70 ^P2 
^N85P19K70 "*" '^N20P2 
^N120P24K80"'" *^ W 
*s + F 
'^ N100P24K80 '^N20 
S + F 
'^ N120P22K80 ^P2 
S + F 
'^ N100P22K80 ^N20P2 
^N135P27K90''' ^W 
S + F 
'^Nn5P27K90 ^N20 
^N135P25K90 '*' ^P2 
^N115P25K90"*" ^N20r2 
CD at 5% 
Fresh weight 
(g) per plant 
165.16 
158.16 
166.33 
163.66 
180.00 
207.00 
195.33 
219.66 
174.50 
208.50 
197.00 
216.00 
7.30 
Dry weight 
(g) per plant 
23.68 
22.19 
24.12 
23.49 
26.26 
28.71 
27.40 
30.73 
26.19 
28.79 
27.31 
29.85 
0.90 
Carbonic 
anhydrase activity 
()i, mol CO,/kg 
leaf fresh matter/s) 
126 66 
109 GO 
131.00 
115 00 
158 33 
198.66 
180.00 
209 00 
158 66 
195 66 
186 3? 
216 00 
8.39 
100 
4.2.4.3 Nitrogen, phosphorus and potassium content of leaves 
There was significant effect of treatments on nitrogen, phosphorus 
and potassium content of leaves studied at 120 d. The data (Table 61) are 
summarised below. 
4.2.4.3.1 Nitrogen 
Maximum nitrogen content resulted from the application of 
SNII5P25K9O + FN2()P2 ^"t the effect was equalled by that of Sj^ ,oop22K8o + 
^N20P2 ^^^ latter treatment also exhibited parity in its effect with 
N^U5P27K90 "^  N^2o ^"^ 8^^^ 38.1% higher leaf nitrogen content than 
^Ni()5P2iK7() "*" ^w which gave the least value (Table 61). 
4.2.4.3.2 Phosphorus 
The effect of Sj^ j35p25j,9o + Fp^ was at par with that of Sjg]20P22K8o ''" 
F ^ + F <i + F anri <J + F Thp 
^P2' '^Nn5P25K90 ^N20P2' '^Nn5P27K90 ^N20 **"" ''N100P22K80 ^N20P2- ^ " ^ 
last noted treatment gave 15.4% higher phosphorus content than Sj^ jo5p2jj^ 70 
+ F^ which proved the least effective (Table 61). 
4.2.4.3.3 Potassium 
Treatment S^ijjpjs^^y + Ff^ 20P2' being at par with SNI,5P27K9O + ^mo 
in its effect, gave the highest value for the leaf potassium content. However, 
the effect of the latter was also equal to that of Sf^ ioQp22K8o "^  ^N2OP2' 
^Ni35P25K9o "*" ^P2' ^Nn5P27K9o "^  ^w ^^'^ N^iooP24K80 "*" ^t^iO' Treatment 
^NIOOP22K8O "*" ^ N20P2 ™pr'5ved the potassium content of leaves by 22.4% 
over Sj^ ]y3p2,j^ 7g + F^ which showed the least effect (Table 61). 
4.2.4.4 Yield characteristics 
The yield parameters studied were affected significantly by the 
application of treatments. The data (Table 62) are described below in brief. 
Table 61. Effect of twelve combinations of soil-applied and leaf-applied 
nitrogen, phosphorus and potassium on leaf nitrogen, phosphorus and 
potassium content (per cent of dry weight) of leek at 120 d after 
transplanting 
Treatments 
(kg/ha) 
S + F 
S + F 
S + F 
'^N105P19K70 ^P2 
S + F 
'^N85P19K70 ^N20P2 
S + F 
'^N120P24K80 ^W 
S + F 
'^N100P24K80 ^N20 
S + F 
'^N120P22K80 ^P2 
S + F 
'^N100P22K80 '^N20P2 
<s + F 
'^N135P27K90 '^W 
<i + F 
'^N115P27K90 ^N20 
S + F 
'^N135P25K90 ^P2 
^Nn5P25K90''" ^N20P2 
CD at 5% 
Nitrogen 
2.70 
2.93 
2.83 
3.23 
3.16 
3.40 
3.23 
3.73 
3.33 
3.60 
3.40 
3.83 
0.21 
Phosphorus 
0.39 
0.40 
0.41 
0.40 
0.44 
0.44 
0.46 
0.45 
0.44 
0.45 
0.47 
0.45 
0.02 
Potassium 
3.40 
3.63 
3.50 
3.83 
3.90 
4.03 
3.93 
4.16 
4.10 
4.23 
4.13 
4.43 
0.21 
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4.2.4.4.1 Shoot length per plant 
Treatment Sj^ ,oQp22K8o •*" f^ N20P2' ^^^^Q ^t par in its effect with 
<; + F S + F S + F S + 
''N115P25K90 ^N20P2' '^ N100P24K80 '^N20' '^N120P22K80 ^P2' '^NI15P27K90 
F^2Q and S^ j^jp j^j^ gy + Fpj gave higher value than the other treatments. 
Treatment SJ^ ,QQP22K8O "^  ^N20P2 Produced 15.3% taller plants than Sj^ g5p2,K7o 
+ Fj^ 2o which showed the minimum effect (Table 62). 
4.2.4.4.2 Pseudo-stem diameter 
The effect of SjgjQQp22K8o "•" f^ N20P2 ^^^ maximum and equal to that 
of several other treatments. SJ^ JQQP22K8O "*" ^N20P2 increased the diameter by 
35.1% over S^ g5p2,j^ 7Q + Fj^ 2o which exhibited the minimum effect 
(Table 62). 
4.2.4.4.3 Fresh weight per plant 
Treatment SJ^ JQQP22K8O "^  f^ N20P2 (equalled by S^^ j^pjsj^ go + FN20P2 ^" 
its effect) gave the highest fresh weight, followed by Sj^ jQQp24j^ g() + F^ ^^ o-
Treatment SJJJQQP22K8O "*" ^N2OP2 Jniproved fresh weight by 23.4% over 
N^85P2iK70 "^  ^ N20 which had the least effect (Table 62). 
4.2.4.4.4 Total fresh matter yield 
Treatments SJJ]OOP22K80 "^  ^N20P2 ^"^ ^NII5P25K90 "*" ^N20P2 were at 
par in their effect and gave the highest value for this parameter. These were 
followed by Sj^ ,QQp24j^ gy + Fj^ 2o with regard to fresh matter production. 
Treatment SJ^ ,QQP22K8O "^  ^N20P2 increased the yield by 29.0% over Sj^ g5p2,f.7o 
+ Fj^ 2o which showed the minimum effect (Table 62). 
4.3 Experiments 8, 9 and 10 
In these experiments, allium crops were grown with selected 
combinations of soil- and leaf-applied nitrogen, phosphorus, potassium and 
sulphur. A concise account of results (Tables 63-85) is given below. 
Table 62. Effect of twelve combinations of soil-applied and leaf-applied 
nitrogen, phosphorus and potassium on yield characteristics of leek at 
harvest 
Treatments 
(kg/ha) 
Shoot Pseudo-stem Fresh weight 
length (cm) diameter (cm) (g) per plant 
per plant 
Total fresh 
matter yield 
(t/ha) 
^N105P21K70 "*" ^W 
S + F 
'^N85P21K70 ^N20 
S + F 
S + F 
'^N85P19K70 ^N20P2 
S + F 
'^N120P24K80 '^W 
^N100P24K80 "^  ^N20 
^N120P22K80 "*" '^P2 
S + F 
'^N100P22K80 ^N20P2 
^N135P27K90 "^  ^W 
^Nn5P27K90 "*" ^N20 
^N135P25K90 "^  ^P2 
^N115P25K90''' ^N20P2 
CD at 5% 
96.33 
93.83 
97.33 
96.66 
103.16 
106.16 
105.00 
108.16 
101.66 
103.83 
103.50 
108.00 
4.93 
2.98 
2.76 
3.11 
2.85 
3.48 
3.70 
3.61 
3.73 
3.48 
3.61 
3.50 
3.68 
0.26 
204.00 
202.33 
207.33 
203.66 
219.33 
237.86 
228.83 
249.66 
215.00 
236.00 
227.50 
245.00 
6.82 
73.06 
72.50 
7? . ! 6 
72.66 
78.33 
88.66 
82.76 
93.50 
78.00 
87.66 
82.66 
93.16 
4.i:> 
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4.3.1 Experiment 8 
This field trial was carried out accordiivg to a factorial rar\domised 
block design on the two (better performing) varieties of onion selected for 
Experiment 4. The crop was grown with eight combinations of nutrients 
applied through soil and foliage (Table 9). Of the treatments, S^^JQQPJJKW ''" 
N^20P2S2 ^"^ ^^ ^^^ varieties, Nasik Red, alone as well as in combination, 
proved best for most of the parameters. The data (Tables 63-76) are 
summarised below. 
4.3.1.1 Growth parameters 
The effect of treatments, their interactions with varieties and 
varietal differences at 120 d were found significant (Tables 63-67). The 
salient features of each of the growth characteristics are given below. 
4.3.1.1.1 Shoot length per plant 
Among treatments, SJ^ ]QQP22K9O "*" f^ N20P2S2 Proved best with regard 
to this parameter. Its effect was followed by that of SJ ,^QQP22K9O "*" ^N20P2-
Application of treatment SJ^ ,QQP22K9O ••" f^ N20P2S2 resulted in the production of 
11.6% taller plants than SJ^,20P24K90 ••• ^w (control). 
Variety White Globe performed 1.8% better than Nasik Red. 
The effect of Sj^ ,oQp22K9o "*• PN20P2S2 ^ White Globe (at par with that 
^^ ^NIOOP22K9O "^  ^N20P2S2 ^ Nasik Red and S}gjQQp22K9o "*" ^N20P2 ^ White 
Globe) was noted to be superior to that of the other interactions. The 
interaction Sj^ ,Qop22K9o •*• f^ N20P2S2 ^ Nasik Red registered 13.0% higher 
value of plant height than SJ^I20P24K90 "^  ^W '^  Nasik Red which had the 
minimum value (Table 63). 
4.3.1.1.2 Leaf number per plant 
Treatment SJ^ ,QQP22K9O "^  PN20P2S2 surpassed the other treatments in 
leaf production. The effect of this treatment was followed by SJ ,^QQP22K9O "^  
Table 63. Effect of eight combinations of soil-applied and leaf-applied 
nitrogen, phosphorus, potassium and sulphur on shoot length (cm) per plant 
of two varieties of onion at 120 d after transplanting 
Treatments (T) 
(kg/ha) 
^N120P24K90 "^  ^W 
^N100P24K90''" ^N20 
S + F 
'^N120P22K90 ^P2 
'^N120P24K90 ^S2 
S + F 
'^N100P22K90 ^N20P2 
^N100P24K90'^ '^N20S2 
^N120P22K90 "*" '^P2S2 
^N100P22K90''" ^N20P2S2 
Mean 
CD at 5% 
Varieties (V) 
Nasik Red 
61.33 
65.16 
63.00 
62.50 
67.50 
68.00 
64.00 
69.33 
65.10 
T = 1.80 
White Globe 
64.16 
65.50 
64.50 
64.00 
68.50 
67.66 
65.00 
70.66 
66.25 
V = 0.90 
Mean 
62.75 
65.33 
63.75 
63.25 
68.00 
67.83 
64.50 
70.00 
TxV = 2.55 
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FN20P2 W^»^^ showed parity with that of Sj^ ioop24K9o + FN2OS2' SNIOOP24K9O "^  
^N20 ^"^ N^i20P22K90 "^  ^ P2S2- Treatment SJ^ ^QQP22K9O "*" ^N20P2S2 increased leaf 
number by 13.2% over the control. 
Variety Nasik Red was found superior to White Globe in leaf 
number by 2.8%. 
The interaction SJ^ JQQPJJKQQ + FN20P2S2 ^ Nasik Red (at par with 
N^iooP22K90 "*" N^20P2S2 ^ White Globe, Sjj,QQp24K9o "^  f^ N20S2 ^ Nasik Red, 
SNIOOP22K90 + FN20P2 ^ ^Mte Globe and SNIOOP24K90 + ^mo i" their effect) 
gave higher value for leaf number than the other interactions. SJ^ ^QQP22K9O "*" 
^N20P2S2 ^ Nasik Red improved leaf production by 16.0% over S^I20P24K90 "*" 
F^ X White Globe that showed the minimum number of leaves (Table 64). 
4.3.1.1.3 Leaf area index 
Treatment SJ^ ,QQP22K;9O + FJ^2OP2S2 8^^^ ^^^ maximum value for this 
parameter. Its effect was followed by that of SJ^ IQQP22K9O "*" ^N20P2- Treatment 
N^iooP22K90 "*" N^20P2S2 in^provcd the leaf area index by 15.2% over the 
control. 
Variety Nasik Red was better than White Globe as it exhibited 7.8% 
higher index than the latter. 
N^iooP22K90 "•" N^20P2S2 ^ Nasik Red excelled the other interactions 
regarding leaf area index. Its effect was followed by that of SJ ,^QQP22K9O "*" 
N^20P2 ^ Nasik Red (at par with that of SJ^ ,QOP24K9O ''" ^N20S2 ^ Nasik Red). 
Application of SJ^ JQQP22K9O + FN20P2S2 ^ Nasik Red resulted in 24.5% higher 
value than SJ^J20P24K90 •*" ^W '^  White Globe which exhibited the lowest leaf 
area index (Table 65). 
4.3.1.1.4 Fresh weight per plant 
Of the treatments, SJJ,QQP22K9O ''" ^N20P2S2 surpassed the other 
treatments in fresh matter production. Its effect was followed by that of 
Table 64. Effect of eight combinations of soil-applied and leaf-applied 
nitrogen, phosphorus, potassium and sulphur on leaf number per plant of two 
varieties of onion at 120 d after transplanting 
Treatments (T) 
(kg/ha) 
S + F 
'^N120P24K90 '^W 
^N100P24K90"^ '^N20 
^N120P22K90''" '^P2 
^NI20P24K90 "*" ^S2 
^N100P22K90 "*" '^N20P2 
'^NI00P24K90 '^N20S2 
<s + F 
'^ N120P22K90 ^P2S2 
^N100P22K90"'" ^N20P2S2 
Mean 
CD at 5% 
Varieties (V) 
Nasik Red 
7.22 
7.66 
7.44 
7.33 
7.55 
7.77 
7.55 
8.11 
7.58 
T = 0.32 
White Globe 
V = 
6.99 
7.33 
7.11 
7.11 
7.77 
7.44 
7.22 
7.99 
7.37 
= 0.16 TxV 
Mean 
7.11 
7.50 
7.28 
7.22 
7.66 
7.61 
7.39 
8.05 
= 0.45 
Table 65. Effect of eight combinations of soil-applied and leaf-applied 
nitrogen, phosphorus, potassium and sulphur on leaf area index of two 
varieties of onion at 120 d after transplanting 
Treatments (T) 
(kg/ha) 
^N120P24K90 "^  ^W 
'^N100P24K90 ^N20 
S + F 
'^N120P22K90 ^P2 
^N120P24K90 "^  ^82 
^N100P22K90 "*" ^N20P2 
^NI00P24K90 "^  '^N20S2 
^NI20P22K90 "^  ^P2S2 
^N100P22K90'^ '^N20P2S2 
Mean 
CD at 5% 
Varieties (V] 
Nasik Red 
6.39 
7.01 
6.69 
6.61 
7.19 
7.12 
6.87 
7.43 
6.91 
T - 0 . 1 0 
» 
White Globe 
V -
5.97 
6.48 
6.31 
6.19 
6.59 
6.62 
6.35 
6.80 
6.41 
= 0.05 TxV 
Mean 
6.18 
6.75 
6.50 
6.40 
6.89 
6.87 
6.61 
7.12 
= 0.14 
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SNIOOP22K90 + f j^ 20P2 (^ ^ P^ f with that of Sj^ ,oop24K9o + FN20S2)- Treatment 
^NiooP22K90 ••" ^N20P2S2 improved plant fresh weight by 29.5% over the 
control. 
Nasik Red produced 8.9% more fresh matter than White Globe. 
The interaction SJ^ JQQPJJKQQ + FN20P2S2 ^ Nasik Red surpassed the 
other interactions for this parameter. Its effect was followed by that of 
^NIOOP22K90 "^  N^20P2 ^ Nasik Red, which showed parity with that of 
SNIOOP22K90 "^  PN20P2S2 ^ ^^'^6 Globe and SNIOOP24K9O "^  f"N20S2 X Nasik Red. 
The interaction SJ^ ,QQP22K9O + FN20P2S2 ^ Nasik Red registered 41.9% more 
fresh matter than S^ j^^ pj^ j^ Q^ + F^ x White Globe which was the least 
effective (Table 66). 
4.3.1.1.5 Dry weight per plant 
Treatment SJ^ JQQP22K9O "*• f^ N20P2S2 excelled the other treatments in 
dry matter production. Its effect was followed by that of SJ^ ,QQP22K9O "^  
PN20P2 (equalled by that of Sj^ joop24K;9o "^  FN20S2)- ^ increase of 23.0% over 
the control resulted, on the application of Sjg,QQp22K9o "^  ^N20P2S2-
Nasik Red proved better than White Globe in the production of dry 
matter. The former gave 25.5% higher weight than White Globe. 
The effect of the interaction SJ ,^QQP22K9O "^  ^N20P2S2 ^ Nasik Red 
was superior to that of the other interactions. Its effect was followed by that 
^^ ^Nioop22K90 "^  N^20P2 ^ Nasik Red, which also showed parity with that of 
^N]oop24K9o "*" N^20S2 ^ Nasik Red and SJ^J20P22K90 "*" P^2S2 ^ Nasik Red. 
Interaction SJ^ JQQP22K9O •*" ^N20P2S2 ^ Nasik Red registered 56.1% more dry 
matter than SJ^ ,2OP24K9O "^  ^^ W ''^  White Globe which proved the poorest 
performer in this regard (Table 67). 
4.3.1.2 Enzyme activity 
There was significant effect of treatments and of their interactions 
with varieties on the leaf carbonic anhydrase activity studied at 120 d. 
Table 66. Effect of eight combinations of soil-applied and leaf-applied 
nitrogen, phosphorus, potassium and sulphur on fresh weight (g) per plant of 
two varieties of onion at 120 d after transplanting 
Treatments (T) 
(kg/ha) 
S + F 
^N100P24K90''" ^mO 
^N120P22K90'^ '^P2 
S + F 
'^N120P24K90 ^^82 
^N100P22K90 "^  ^N20P2 
^N100P24K90'*" ^N20S2 
S + F 
'^N120P22K90 '^P2S2 
^N100P22K90'^ ^N20P2S2 
Mean 
CD at 5% 
Varieties 
Nasik Red 
95.00 
106.00 
102.33 
100.66 
115.33 
111.00 
104.66 
123.00 
107.25 
T = 5.08 
(V) 
White Globe 
86.66 
100.00 
93.33 
91.66 
103.33 
105.33 
95.00 
112.33 
98.46 
V = 2.54 
Mean 
90.83 
103.00 
97.83 
96.16 
109.33 
108.17 
99.83 
117.67 
TxV = 7.18 
Table 67. Effect of eight combinations of soil-applied and leaf-applied 
nitrogen, phosphorus, potassium and sulphur on dry weight (g) per plant of 
two varieties of onion at 120 d after transplanting 
Treatments (T) 
(kg/ha) 
S + F 
^N100P24K90''' ^N20 
S + F 
'^N120P22K90 ^P2 
^N120P24K90 "^  ^S2 
S + F 
'^N100P22K90 ^N20P2 
S + F 
''N100P24K90 '^ N20S2 
^N120P22K90 "^  ^P2S2 
^N100P22K90 '*' '^ N20P2S2 
Mean 
CD at 5% 
Varieties (V) 
Nasik Red 
15.85 
17.16 
17.03 
16.76 
18.28 
17.96 
17.38 
19.48 
17.49 
T = 0.78 
White Globe 
12.48 
13.96 
13.38 
13.21 
14.85 
14.75 
13.51 
15.38 
13.94 
V = 0.39 
Mean 
14.17 
15.56 
15.21 
14.99 
16.57 
16.36 
15.45 
17.43 
TxV= 1.11 
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Varietal differences were also significant. The data (Table 68) are described 
below briefly. 
4.3.1.2.1 Carbonic anhydrase activity 
Maximum enzyme activity was recorded when treatment SJ^ ,QQP22K9O 
+ Fjj20S2 ^ ^^ applied. Its effect was followed by that of S)^ ,QQp24]^ 9o + FN20S2-
The effect of the latter showed parity with that of SJ^ ,QQP22K9O "*" ^N20P2-
Treatment Sj^ jQQpjj^ go + FN20P2S2 improved the enzyme activity by 51.4% 
over the control. 
Variety Nasik Red exhibited 8.0% higher activity than White Globe. 
The interaction SJ ,^QQP22K9O "^  PN20P2S2 ^ Nasik Red, (being at par 
with Sj^ jQQp24j.9Q + FN20S2 ^ Nasik Red) surpassed the other interactions with 
regard to enzyme activity. The interaction SJ^ JQQP22}^ 9O + FN20P2S2 ^ Nasik Red 
showed 62.9% higher value than SJ^ J2QP24K9O ''" ^W '^  White Globe which 
proved the least effective in this regard (Table 68). 
4.3.1.3 Nitrogen, phosphorus, potassium and sulphur content of leaves 
These parameters were significantly affected not only by the 
treatments but also by their interaction with varieties at 120 d. Varietal 
differences were also conspicuous. A concise account of the data (Tables 
69-72) is given below. 
4.3.1.3.1 Nitrogen 
Treatments SJ ,^QQP22K90 + F^ 20P2S2' ^NIOOP22K9O "*" ^N20P2 ^"" 
N^iooP24K90 "*" '^N20S2 ^crc cqual in their effect and gave higher value of leaf 
nitrogen content than the remaining treatments. Treatment Sfj,oQp22K9o "'' 
Fj^ 2op2S2 8^ve 17.2% higher content than the control. 
Nasik Red surpassed White Globe in leaf nitrogen content by 
10.5%. 
Table 68. Effect of eight combinations of soil-applied and leaf-applied 
nitrogen, phosphorus, potassium and sulphur on leaf carbonic anhydrase 
activity (fi mol COj/kg leaf fresh matter/s) of two varieties of onion at 
120 d after transplanting 
Treatments (T) 
(kgAia) 
'^ N120P24K90 ^W 
S + F 
'^ N100P24K90 ^N20 
S + F 
'^ NI20P22K90 ^P2 
S + F 
'^ N»20P24K90 ^S2 
<1 + F 
'^ N100P22K90 ^N20P2 
^100P24K90'^ ^N20S2 
S + F 
'^ NI20P22K90 ^P2S2 
S + F 
'^ NI00P22K90 '^N20P2S2 
Mean 
CD at 5% 
Varieties (V) 
Nasik Red 
125.00 
171.00 
139.66 
146.66 
180.33 
182.00 
151.66 
191.66 
161.00 
T=7.17 
White Globe 
117.66 
159.33 
131.00 
134.33 
165.33 
170.66 
138.66 
175.66 
149.08 
V = 3.58 
Mean 
121.33 
165.17 
135.33 
140.50 
172.83 
176.33 
145.16 
183.66 
TxV= 10.13 
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The effect of S j^QQpjj^ yo"^ '^N2()P2 ^ Nasik Red, S^IOOP24K90 "^  ^N20S2 
X Nasik Red, Sj^ joQpjjKgo "^  ^N20P2S2 ^ Nasik Red and S ,^QQP22K9O "^  ^N20P2S2 '^  
White Globe was superior to that of the other interactions. Interaction 
'^ NIOOP22K90 "*" ^N2OP2S2 ^ Nasik Red increased the leaf nitrogen content by 
25.9% over the least effective interaction, namely SJ^,2QP24K9O "^  ^W •^  White 
Globe (Table 69). 
4.3.1.3.2 Phosphorus 
Several treatments, including Sjj|(jQp22K9o "*" ^N20P2S2' '^^''6 at par in 
their effect and superior to the control. This treatment exhibited 13.8% 
higher content than the control. 
Nasik Red surpassed White Globe in the leaf phosphorus content 
by 16.7%. 
The effect of the interaction SJ^,2QP22K9O "^  ^P2S2 ^ Nasik Red 
(equalled by that of the interactions of SJ^,20P22K90 "'" ^P2' ^NIOOP22K90 ''" 
F ^ + F «s + F and <i + F 
^N20P2S2' '^ N100P24K90 ^ N20S2' *^ N]00P22K90 ^N20P2 **"" '^ N100P24K90 * N20 
with Nasik Red) proved better than that of the other interactions. The 
interaction Sj^ ,QOp22K9o "*" ^N20P2S2 ^ Nasik Red improved leaf phosphorus 
content by 29.6% over SJ^J20P24K90 "*" ^w ^ White Globe which gave the 
minimum value (Table 70). 
4.3.1.3.3 Potassium 
The effect of treatment Sj^ ,jjyp22j;9(, + FN20P2S2 (showing parity with 
that of Sj^ ]QQp22K90 "•• f^ N20P2' ^N100P24K90 "*" ^N20S2 *"" ^N100P24K9O "^  ^N2o) 
proved better than that of the other treatments. Treatment SjgjQQp22K9o "^  
F^2op2S2 registered 22.7% higher content than the control. 
Variety Nasik Red showed 9.1% higher leaf potassium content than 
White Globe. 
Table 69. Effect of eight combinations of soil-applied and leaf-applied 
nitrogen, phosphorus, potassium and sulphur on leaf nitrogen content (per 
cent of dry weight) of two varieties of onion at 120 d after transplanting 
Treatments (T) 
(kg/ha) 
^NI20P24K90 "*" '^W 
^N100P24K90 "*" ^N20 
'^ N120P22K90 ^P2 
^N120P24K90 ' ' ' ^ 8 2 
^NI00P22K90'^ '^N20P2 
'^ N100P24K90 ^N20S2 
S + F 
'^N120P22K90 ^P2S2 
^N100P22K90 "^  ^N20P2S2 
Mean 
CD at 5% 
Varieties (V) 
Nasik Red 
3.15 
3.40 
3.22 
3.18 
3.61 
3.58 
3.26 
3.50 
3.36 
T=0.13 
White Globe 
2.78 
3.00 
2.89 
2.85 
3.23 
3.15 
2.98 
3.45 
3.04 
V=0.06 
Mean 
2.97 
3.20 
3.06 
3.02 
3.42 
3.37 
3.12 
3.48 
TxV=0.18 
Table 70. Effect of eight combinations of soil-applied and leaf-applied 
nitrogen, phosphorus, potassium and sulphur on leaf phosphorus content 
(per cent of dry weight) of two varieties of onion at 120 d after 
transplanting 
Treatments (T) 
(kg/ha) 
Varieties (V) 
Nasik Red White Globe 
Mean 
^N120P24K90 "^  ^W 
'^N100P24K90 '^N20 
'^N120P22K90 '^P2 
S + F 
'^N120P24K90 ^S2 
^N100P22K90''" ^N20P2 
^N>O0P24K90 "^  *^N20S2 
^N120P22K90 "^  ^P2S2 
S + F 
'^N100P22K90 '^N20P2S2 
Mean 
CD at 5% 
0.31 
0.35 
0.38 
0.32 
0.35 
0.35 
0.38 
0.35 
0.35 
T= 0.02 
0.27 
0.30 
0.32 
0.29 
0.30 
0.30 
0.31 
0.30 
0.30 
V=0.01 
0.29 
0.33 
0.35 
0.31 
0.33 
0.33 
0.35 
0.33 
TxV= 0.03 
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The interaction effect of SJ^ JQQPJJKQO "*" f^ N20P2S2 ^ Nasik Red 
(showing parity with that of S^ ,oop22K9o + FN20P2 ^ ^^sik Red, SN,OOP24K9O + 
N^20S2 ^  Nasik Red, Sj^ ,oQp24j^ 9o + F^jo '^ Nasik Red, S ,^QQP22K9O "*" ^N2OP2S2 ^ 
White Globe and Sj^ ,j)op22K9o "^  PN20P2 ^ White Globe) excelled that of the 
remaining interactions. The interaction Sj^ jgQp22K9o "^  PN20P2S2 ^ Nasik Red 
enhanced leaf potassium content by 33.1% over the least effective 
interaction, i.e. SJ^ J2OP24K9O "*" ^W ^ White Globe (Table 71). 
4.3.1.3.4 Sulphur 
Treatment SJ^J20P24K90 "*" ^S2 ^^^ equal to SJ^^20P22K90 "^  ^P2S2' 
SNIOOP24K9O + FN20S2 ^^^ S^ ,oop22K9o + FN20P2S2 ^nd supcrior to the other 
treatments for leaf sulphur content. Treatment SjgjQQp22K9o "^  f^ N20P2S2 
improved the content by 8.3% over Sj^ jQQp24j^ 9o + FN20 which gave the 
minimum value. 
Nasik Red surpassed White Globe by 11.7% with regard to this 
parameter. 
The effect of SJ^ J2OP24K9O "^  ^ S2 ''^  Nasik Red (being at par with that 
°^^N120P22K90 "^  ^ P2S2' N^100P24K90 "*" N^20S2 ^"" N^100P22K90 "^  ^ N20P2S2 ^**" 
Nasik Red) proved superior to that of the other interactions. SJ^ ,QQP22K9O + 
Fj^ 20P2S2 ^ Nasik Red registered 23.6% higher value than SJ ,^QQP22K9() + 
N^20P2 ^ White globe which showed the lowest value (Table 72). 
4.3.1.4 Yield characteristics 
The effect of treatments as well as of their interactions with 
varieties on the yield characteristics (except treatment effect on harvest 
index) was significant as were also varietal differences. The data (Tables 
73-76) are described below briefly. 
Table 71. Effect of eight combinations of soil-applied and leaf-applied 
nitrogen, phosphorus, potassium and sulphur on leaf potassium content (per 
cent of dry weight) of two varieties of onion at 120 d after transplanting 
Treatments (T) 
(kg/ha) 
^N120P24K90 "^  '^W 
^N100P24K90 "*" '^N20 
^N120P22K90''' ^P2 
^N120P24K90 ''^  ^82 
^N100P22K90'^ '^N20P2 
^N100P24K90 "*" ^N20S2 
^N120P22K90 "*" ^P2S2 
S + F 
'^N100P22K90 ^N20P2S2 
Mean 
CD at 5% 
Varieties (V) 
Nasik Red 
2.90 
3.40 
3.00 
2.96 
3.50 
3.46 
3.20 
3.50 
3.24 
T=0.19 
White Globe 
2.63 
3.10 
2.80 
2.70 
3.26 
3.20 
2.80 
3.30 
2.97 
V=0.09 
Mean 
2.77 
3.25 
2.90 
2.83 
3.38 
3.33 
3.00 
3.40 
TxV= 0.27 
Table 72. Effect of eight combinations of soil-applied and leaf-applied 
nitrogen, phosphorus, potassium and sulphur on leaf sulphur content (per 
cent of dry weight) of two varieties of onion at 120 d after transplanting 
Treatments (T) 
(kg/ha) 
^N120P24K90 "*" '^W 
^N100P24K90''" '^N20 
^N120P22K90"'' ^P2 
^N120P24K90 "*" ^S2 
^NI00P22K90 "*" ^N20P2 
^N100P24K90"*'^N20S2 
^N120P22K90''' ^P2S2 
'^ N100P22K90 '^N20P2S2 
Mean 
CD at 5% 
Varieties (V) 
Nasik Red 
0.65 
0.64 
0.65 
0.71 
0.64 
0.69 
0.70 
0.68 
0.67 
T = 0.03 
White Globe 
V = 
0.58 
0.56 
0.57 
0.65 
0.55 
0.62 
0.63 
0.62 
0.60 
= 0.02 TxV 
Mean 
0.62 
0.60 
0.61 
0.68 
0.60 
0.66 
0.67 
0.65 
= 0.04 
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4.3.1.4.1 Bulb diameter 
Treatment S^,QQP22K9O •*" ^N20P2S2 ^*^ ^^ P*^ ^**^ ^NIOOP22K9O '*' 
PN20P2 ^^^ ^NiooP24K90 •*" ^N20S2 ^" '*^ cffcct and exhibited higher value than 
the others. Treatment SJ^JQQP22K9O "^  ^N20P2S2 in^proved the diameter by 
16.0% over the control. 
Nasik Red had 5.7% higher bulb diameter than White Globe. 
The interaction effect of SJ^JQQP22K9O "^  ^N20P2S2 ^ Nasik Red was at 
par with that of Sjj,Q0p22K90 "^  ^N20P2 ^ Nasik Red, Sj^ |QQp24j^ 9o + FN20S2 ^ 
Nasik Red, Sj^ ioop22K9o + FN20P2S2 ^ White Globe, Sjj,oop24K9o + FN20 ^ Nasik 
Red, Sjji20P22K90 + Fp2S2 ^ Nasik Red and Sj^ ioop22K9o + FN20P2 ^ White Globe 
and proved better than that of the other interactions. The interaction 
^NiooP22K90 "^  FN20P2S2 ^ Nasik Red registered 24.6% higher bulb diameter 
than SJ^,20P24K90 "^  ^W '^  White Globe which affected it the least (Table 73). 
4.3.1.4.2 Weight per bulb 
The heaviest bulbs were recorded on the application of S^,QQP22K9O 
+ FJ^20P2S2- ^^^ effect of this treatment was followed by that of S)^,QQP22K9O 
+ Fj^ 20P2 ^^^^ weight due to the latter showed parity with that due to 
SNIOOP24K90 + ^^2082- Treatment SNIOOP22K90 "^  FN20P2S2 improved the bulb 
weight by 30.9% over the control. 
Nasik Red produced 10.7% heavier bulbs than White Globe. 
The effect of Sf^ ,Qop22K9o "'' FN20P2S2 ^ Nasik Red, was better than 
that of the other interactions. It was followed by that of SJ^,QQP22K9O "^  FN20P2 
X Nasik Red which showed equality with that of SJ^JQQP24J;9O + Fj^ 20S2 ^ Nasik 
Red. An increase of 48.0% resulted on the application of SJ^,QQP22K9O •*" 
Fj^ 20P2S2 ^ Nasik Red in comparison with the least effective interaction, 
namely S ,^20P24K9o "^  ^w '^  White Globe (Table 74). 
Table 73. Effect of eight combinations of soil-applied and leaf-applied 
nitrogen, phosphorus, potassium and sulphur on bulb diameter (cm) of two 
varieties of onion at harvest 
Treatments (T) 
(kg/ha) 
S + F 
'^ N120P24K90 ^W 
'^ N100P24K90 ^N20 
S + F 
'^ N120P22K90 '^ P2 
^N120P24K90 "^  ^ 82 
S + F 
'^ N100P22K90 '^N20P2 
S +F 
'^ N100P24K90 '^N20S2 
S + F 
'^ N120P22K90 ^P2S2 
<s + F 
'^ N100P22K90 ^N20P2S2 
Mean 
CD at 5% 
Varieties (V) 
Nasik Red 
4.33 
4.66 
4.50 
4.50 
4.76 
4.73 
4.56 
4.86 
4.61 
T = 0.22 
White Globe 
V = 
3.90 
4.43 
4.23 
4.20 
4.56 
4.50 
4.33 
4.70 
4.36 
= 0.11 
^4paTi X V J , V C U 1 
4.12 
4.55 
4.37 
4.35 
4.66 
4.62 
4.45 
4.78 
TxV0.31 
Table 74. Effect of eight combinations of soil-applied and leaf-applied 
nitrogen, phosphorus, potassium and sulphur on weight (g) per bulb of two 
varieties of onion at harvest 
Treatments (T) 
(kg/ha) 
'^ N120P24K90 '^ W 
^N100P24K90''" '^ N20 
^N120P22K90'*' ^P2 
S + F 
'^ N120P24K90 ^^ 82 
<1 + F 
'^ N100P22K90 *^ N20P2 
^N100P24K90"'" *^ N20S2 
^N120P22K90 "*" '^ P2S2 
^N100P22K90"'" ^N20P2S2 
Mean 
CD at 5% 
Varieties (V) 
Nasik Red 
38.50 
45.23 
41.86 
39.73 
47.93 
47.10 
42.23 
50.66 
44.16 
T = 1.60 
White Globe 
34.23 
41.10 
37.26 
37.00 
43.90 
42.70 
38.30 
44.53 
39.88 
V = 0.80 
Mean 
36.37 
43.17 
39.56 
38.37 
45.92 
44.90 
40.27 
47.60 
TxV = 2.27 
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4.3.1.4.3 Bulb yield 
Like the weight per bulb, bulb yield was maximum with SjjjQQpjj^ go 
+ F^ 20P2S2 ^^^ effect of this treatment was followed by that of S)g,QQp24j^ 9Q 
+ FN20S2 (equalled by that of S^ jQopjjKgo + f"N20P2)- Treatment Sj^ joop^ K^go + 
Fjj20P2S2 iniproved the bulb yield by 32.9% over the control. 
Variety Nasik Red out-yielded White Globe by 18.4%. 
The effect of SJ^ JQQPJJKW "*" f^ N20P2S2 ^ Nasik Red (at par with that of 
SNIOOP24K9O + PN20S2 ^ ^asik Red and S i^oopjjKw + FN20P2 ^ ^^^ik Red) was 
higher than that of the others. The interaction S ,^QQP22K9O "*" f^ N20P2S2 ^ Nasik 
Red exhibited 57.9% higher yield than Sjg,20P24K90 "*" ^ w ''^  White Globe 
which had the minimum value (Table 75). 
4.3.1.4.4 Harvest index 
As noted earlier, the effect of treatments on harvest index was non-
significant. 
Nasik Red was superior to White Globe with regard to harvest 
index. However, the difference between the two varieties was of the tune 
of 2.3%. 
Inspite of their significant effect on harvest index, many 
interactions showed parity among them. Nevertheless, SJ^ JQQP22K9O + FN2OP2S2 
X Nasik Red gave 2.3% higher value than SJ ,^2OP24K9O "*" ^W '^  White Globe 
which registered the lowest value (Table 76). 
4.3.2 Experiment 9 
In this simple randomised field trial, garlic crop was grown with 
eight selected combinations, of soil- and leaf-applied nitrogen, phosphorus, 
potassium and sulphur (Table 10). Of these, Sj^ ^^ pj^ j^ Q^ + FJ^ 2OP2S2 S^^^ ^^^^ 
results. The important findings (Table 77-81) are given below. 
Table 75. Effect of eight combinations of soil-applied and leaf-applied 
nitrogen, phosphorus, potassium and sulphur on bulb yield (t/ha) of two 
varieties of onion at harvest 
Treatments (T) 
(kg/ha) 
^N120P24K90 "^  -"^ W 
^N100P24K90'^ ^N20 
S + F 
'^N120P22K90 ^P2 
^N120P24K90 "^  ^S2 
^N100P22K90 "^  ^N20P2 
^N100P24K90''' ^N20S2 
'^N120P22K90 ^P2S2 
S + F 
'^ NIOOP22K90 ^N20P2S2 
Mean 
CD at 5% 
Varieties (V) 
Nasik Red 
27.11 
31.56 
29.25 
28.88 
33.00 
33.43 
30.26 
34.46 
30.99 
T = 1.51 
White Globe 
21.83 
26.91 
24.08 
23.83 
28.65 
28.43 
25.08 
30.56 
26.17 
V = 0.75 
Mean 
24.47 
29.24 
26.67 
26.36 
30.83 
30.93 
27.67 
32.51 
TxV = 2.13 
Table 76. Effect of eight combinations of soil-applied and leaf-applied 
nitrogen, phosphorus, potassium and sulphur on harvest index of two 
varieties of onion at harvest 
Treatments (T) 
(kg/ha) 
<i + F 
'^N120P24K90 '^ W 
^N100P24K90'^ '^N20 
^N120P22K90'*' ^P2 
'^NI20P24K90 ^82 
^N100P22K90 "*" *^N20P2 
S + F 
'^N100P24K90 ^N20S2 
^N120P22K90 "^  '^P2S2 
9 + F 
'^N100P22K90 ^N20P2S2 
Mean 
CD at 5% 
Varieties 
Nasik Red 
0.89 
0.89 
0.90 
0.89 
0.90 
0.90 
0.89 
0.90 
0.90 
T = NS 
(V) 
White Globe 
V 
0.88 
0.88 
0.88 
0.88 
0.89 
0.89 
0.88 
0.89 
0.88 
= 0.006 
Mean 
0.89 
0.89 
0.89 
0.89 
0.90 
0.90 
0.89 
0.90 
TxV = 0.016 
NS = non-significant 
no 
4.3.2.1 Growth parameters 
The effect of treatments on growth characteristics at 155 d was 
significant. The data for each parameter (Tables 77 & 78) are summarised 
below. 
4.3.2.1.1 Shoot length per plant 
The effect of treatment S^ ^^ pj^ j^ y^ + Fj^ j^^ p^ gj (equalled by that of 
^N70P16K60 "'' ^N20P2' ^N70P18K60 "*" ^^2082 ^ " ^ ^N70P18K60 "*" ^ N2o) ^ ^ ^ SUpcriOr 
to that of the other treatments. Sj^ Q^pjgj^ o^ "^  f^ N20P2S2 registered 4.9% higher 
value than Sj^ 9,)pjg]^ „^ + F^, i.e. the control (Table 77). 
4.3.2.1.2 Leaf number per plant 
Among the treatments, Sj^ Q^pj^ ^^ Q + Fj^ 20P2S2 ^^^ *^ P^^ ^'*^ 
SN7OPI6K6O + ^mo?2 and S^^^^^^^^^^ + FN20S2 and was superior to the other 
treatments for the production of leaves. The effect of the two latter 
treatments also showed parity with that of S^ .7ppjgj^ (^) + Fj^ jo- Treatment 
^N70Pi6K6() "^  ^N2OP2S2 increased leaf number by 16.8% over the control 
(Table 77). 
4.3.2.1.3 Leaf area index 
Treatment S^ ^^ pj^ j^ ^^ ^ + Fjg20P2S2 excelled the other treatments with 
regard to leaf area index. Its effect was followed by that of S^ 7Qpj(^ j^ Q^ + 
FN20P2 (equalled by that of SN7OPI8K60 + FN2()S2)- Treatment Sjj70p,^ ,K60 + 
N^2()p-'S2 save 16.8% higher value than the control (Table 77). 
4.3.2.1.4 Fresh weight per plant 
Application of Sj^ .7^ jp^ j^^ (^, + ^N2OP2S2 resulted in the maximum value 
for fresh weight. Its effect was followed by that of Sj^ ^^ pj^ j^ ^^  + Fj^ 20P2 
(showing parity with that of S^^opj^ ^eo + FN2()S2)- Treatmem S^ o^pj^ Kfio + 
N^20P2S2 produced 12.0% more fresh matter than the control (Table 78). 
Table 77. Effect of eight combinations of soil-applied and leaf-applied 
nitrogen, phosphorus, potassium and sulphur on shoot length, leaf number 
and leaf area index of garlic at 155 d after sowing 
Treatments 
(kg/ha) 
^N90PI8K60"^ ^W 
^N70P18K60 "*" '^N20 
^N90P16K60'^ ^P2 
^N90P18K60 "*" ^ 82 
"^NTOPieKeO ^N20P2 
^N70P18K60 "*" '^N20S2 
S + F 
'^N90P16K60 '^P2S2 
*^  + F 
•^ NTOPieKeO '^N20P2S2 
CD at 5% 
Shoot length 
(cm) per plant 
92.00 
94.83 
92.83 
92.66 
96.00 
95.50 
93.33 
96.50 
2.19 
Leaf number 
per plant 
11.63 
12.16 
11.86 
11.73 
12.50 
12.40 
11.86 
12.73 
0.46 
Leaf area 
index 
4.00 
4.35 
4.17 
4.16 
4.51 
4.49 
4.20 
4.67 
0.13 
Table 78. Effect of eight combinations of soil-applied and leaf-applied 
nitrogen, phosphorus, potassium and sulphur on fresh weight, dry weight and 
leaf carbonic anhydrase activity of garlic at 155 d after sowing 
Treatments 
(kg/ha) 
^N90P18K60 "^  '^W 
S + F 
S + F 
'^N90P16K60 '^P2 
<5 + F 
'^ N90P18K60 ^S2 
S + F 
S + F 
'^ N70P18K60 ^N20S2 
S + F 
'^ N90P16K60 ^P2S2 
S + F 
'^N70P16K60 '^N20P2S2 
CD at 5% 
Fresh weight 
(g) per plant 
185.00 
196.16 
190.73 
r«9.16 
202.00 
200.50 
191.16 
207.16 
4.15 
Dry 
(g)] 
weight 
per plant 
29.54 
31.47 
30.46 
30.21 
32.52 
32.28 
30.72 
33.26 
0.65 
Carbonic 
anhydrase activity 
(}i mol COj/kg 
leaf fresh matter/s) 
104.66 
123.00 
110.00 
111.66 
140.10 
135.00 
116.33 
146.66 
5.13 
I l l 
4.3.2.1.5 Dry weight per plant 
The maximum dry weight was recorded with Sj^ Q^pj^ j^ g^ + FN2OP2S2-
The next treatment in effectiveness was SJJ^ QPJ^ J^ ^Q + ^mo?2 (^ ^ P^^ ^^^^ 
SN70P18K60 + fN20S2)- Treatment Sj^ o^pj^ Keo + FN20P2S2 registered 12.6% 
higher dry weight than the control (Table 78). 
4.3.2.2 Enzyme activity 
Effect of treatments on the leaf carbonic anhydrase activity noted 
at 155 d was significant. The data (Table 78) are described below in brief. 
4.3.2.2.1 Carbonic anhydrase activity 
Treatment Sj^ yQpj^ j^ gQ + FN20P2S2 Proved superior to the other 
treatments for enzyme activity. Its effect was followed by that of S^ Q^pj^ j^ Q^ 
+ FN20P2 (at par with that of Sj^ ^opj^ j.^ ^ + FN2OS2)- Treatment S^^^^^^^^^ + 
^N20P2S2 increased the enzyme activity by 40.1% over the control (Table 78). 
4.3.2.3 Nitrogen, phosphorus, potassium and sulphur content of leaves 
Nitrogen, potassium and sulphur content of leaves at 155 d was 
affected significantly by the application of treatments. However, the effect 
on leaf phosphorus content was non-significant. A concise account of the 
results obtained (Table 79) is given below. 
4.3.2.3.1 Nitrogen 
Treatments Sj^ -^ Qp^ j^^ Q^ + FJ^20P2S2' ^N7OPI6K60 "*" FN2OP2' ^N7OPI8K60 "^  
FJJ2OS2 ^"^ ^N70Pi8K60 "*" ^N20 ^^rc at par and proved superior to the other 
treatments with regard to the nitrogen content of leaves. Treatment 
'^ N70Pi6K60 "^  ^ N20P2S2 showcd 16.7% higher nitrogen content than the control 
(Table 79). 
4.3.2.3.2 Phosphorus 
As mentioned above, the effect of treatments on phosphorus 
content of leaves was not significant (Table 79). 
Table 79. Effect of eight combinations of soil-applied and leaf-applied 
nitrogen, phosphorus, potassium and sulphur on leaf nitrogen, phosphorus, 
potassium and sulphur content (per cent of dry weight) of garlic at 155 d 
after sowing 
Treatments 
(kgAia) 
S + F 
S 4- F 
'^N70P18K60 ^N20 
S + F 
S + F 
''N90P18K60 ^82 
^N70P16K60"^ '^N20P2 
S + F 
"^NTOPlSKeO ^N20S2 
S + F 
'^N90P16K60 '^P2S2 
S + F 
'^N70P16K60 ^N20P2S2 
CD at 5% 
Nitrogen 
3.00 
3.40 
3.10 
3.10 
3.50 
3.40 
3.20 
3.50 
0.15 
Phosphorus 
0.27 
0.28 
0.29 
0.28 
0.28 
0.29 
0.29 
0.28 
NS 
Potassium 
2.43 
2.80 
2.60 
2.53 
2.90 
2.93 
2.70 
3.03 
0.25 
Sulphur 
0.49 
0.47 
0.48 
0.55 
0.47 
0.54 
0.55 
0.54 
0.03 
NS = non-significant 
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4.3.2.3.3 Potassium 
The effect of treatment Sj^ o^pj^ j^ Q^ + FN20P2S2' equalled by that of 
^N70P18K60 "^  ^N20S2' ^N70P16K60 "^  *^N20P2 ^ " ^N70P18K60 "*" ^N20' ^ ^ ^ b e t t e r 
than that of the other treatments. Treatment Sj^ Q^pjgj^ Q^ + FN20P2S2 increased 
potassium content of leaves by 24.7% over the control (Table 79). 
4.3.2.3.4 Sulphur 
Treatments S^ ^^ p^j^ j^ g^ j + Fpjgj. ^N90P18K60 "*" ^S2' ^N70P16K60 "^  
^N20P2S2 ^"^ '^ N70Pi8K60 "^  f^ N20S2' being at par in their effect, proved better 
than the other treatments. Treatment Sj^ Q^pjg^ -^ Q + Fj^ 20P2S2 registered 10.2% 
higher value than the control (Table 79). 
4.3.2.4 Yield characteristics 
Treatments affected all yield parameters (except harvest index) 
significantly. The important results (Tables 80 & 81) are given below. 
4.3.2.4.1 Bulb diameter 
T h e e f f e c t of S^^Qp^^j^go "*" P N 2 0 P 2 S 2 ' ^N70P18K60 "^  ^ N 2 0 S 2 ^ " ^ 
^N70Pi6K6o "*" ^N20P2 ^^^ *^  P^ '^  *^^ supcrior to that of the other treatments. 
^N70Pi6K6o "*" N^20P2S2 i^provcd the average diameter of bulbs by 17.5% over 
the control (Table 80). 
4.3.2.4.2 Weight per bulb 
Treatment Sj^ Q^pjgj^ gQ + Fj^ 20P2S2 surpassed the other treatments 
regarding the mean weight of bulbs. Its effect was followed by that of 
SN7OPI6K60 + fN20P2 (^ t par with that of SN7OP,8K60 + FN20S2)- Treatment 
'^ N70Pi6K6o "^  ^N2OP2S2 pfoduccd 37.2% heavier bulbs than the control 
(Table 80). 
4.3.2.4.3 Clove number per bulb 
The effect of treatment Sj^ Q^p^ gj^ Q^ + F)^ 20P2S2 (showing equality 
w i t h t h a t o f Sj^7Qp,6j^gQ + f^N20P2' ^ N 7 0 P 1 8 K 6 0 •*" ^N20S2 ^^^ ^N70P18K60 "^  ^N2o) 
Table 80. Effect of eight combinations of soil-applied and leaf-applied 
nitrogen, phosphorus, potassium and sulphur on yield characteristics of 
garlic at harvest 
Treatments 
(kg/ha) 
S + F 
'^N70P18K60 ^N20 
S + F 
'^N90P16K60 ^P2 
<\ 4- F 
'^N90P18K60 ^S2 
S + F 
'^N70P16K60 '^N20P2 
<i + F 
*? 4- F 
'^N90P16K60 ^P2S2 
S + F 
'^N70P16K60 '^N20P2S2 
CD at 5% 
Bulb dia-
meter (cm) 
4.00 
4.43 
4.23 
4.16 
4.60 
4.63 
4.33 
4.70 
0.14 
Weight (g) 
per bulb 
25.00 
30.30 
27.03 
27.00 
32.43 
32.33 
27.96 
34.30 
1.37 
Clove number 
per bulb 
30.00 
32.16 
30.66 
30.30 
33.00 
32.86 
31.30 
33.10 
1.08 
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proved better than that of the others for clove number per bulb. Treatment 
N^70Pi6K60 "^  ^ N20P2S2 S^^^ 10.3% morc cloves than the control (Table 80). 
4.3.2.4.4 100-clove weight 
Treatment Sj^ Q^pj^ j^ Q^ + Fj^ 20P2S2 surpassed the other treatments in 
clove weight. Its effect was followed by that of S^ ^^ pj^ j^ p^ + Fj^ 20P2 (^ ^ P^^ 
with that of Sj^ Q^p^ gj^ o^ + Fj^ 20S2)- SN7OPI6K60 + F^ 20P2S2 produced 5.9% 
heavier cloves than the control (Table 81). 
4.3.2.4.5 Bulb yield 
Treatment Sj^ Q^p^ j^^ Q^ + f^ N20P2S2 registered the maximum value for 
bulb yield. Its effect was followed by that of Sj^ yQpj^ j^ gQ + Fj^ 20P2 which 
showed parity with that of SN7OPI8K60 + FN20S2- Treatment S^^ opj^ Keo + 
N^20P2S2 enhanced bulb yield by 32.3% in comparison with the control 
(Table 81). 
4.3.2.4.6 Harvest index 
The effect of treatments on harvest index was not significant 
(Table 81). 
4.3.3 Experiment 10 
This experiment was conducted on leek crop according to a simple 
randomised block design, wherein eight selected combinations of soil and 
foliar nitrogen, phosphorus, potassium and sulphur were applied (Table 11). 
Of these, SJ^ JQQP22K.8O "*" f^ N20P2S2 8^^^ ^^ ^ ^^^* results. The data (Tables 
82- 85) are summarised below. 
4.3.3.1 Growth parameters 
There was a significant effect of treatments on growth 
characteristics studied at 120 d. The salient features of results (Tables 
82 & 83) are given below. 
Table 81. Effect of eight combinations of soil-applied and leaf-applied 
nitrogen, phosphorus, potassium and sulphur on yield characteristics of 
garlic at harvest 
Treatments 
(kg/ha) 
^N90P18K60 "*" '^W 
^N70P18K60 "*" ^N20 
^N90P16K60 "^  ^P2 
^N90P18K60 "^  ^^82 
^NTOPieKeo"*" '^N20P2 
^N70P18K60 "*" ^N20S2 
^N90PI6K60 "^  ^P2S2 
^N70P16K60 "*" '^N20P2S2 
CD at 5% 
100-clove 
weight (g) 
91.00 
94.13 
92.53 
92.36 
95.30 
95.26 
93.00 
96.36 
1.03 
Bulb yield 
(t/ha) 
11.60 
13.63 
12.66 
12.50 
14.50 
14.40 
12.83 
15.35 
0.72 
Harvest 
index 
0.73 
0.73 
0.74 
0.73 
0.74 
0.73 
0.74 
0.75 
NS 
NS = non-significant 
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4.3.3.1.1 Shoot length per plant 
The effect of treatment S J^OOP22K8O "*" ^N20P2S2 ^^^ ^^  P^ '^  ^ '^^ *^ ^^  
of several treatments. It showed 5.1% higher shoot length than S ,^2OP24K8O "*" 
Fy^ , i.e. the control (Table 82). 
4.3.3.1.2 Leaf number per plant 
With regard to leaf production, treatment SJ^ ,QQP22K8O "^  ^N20P2S2' 
equalled by SJ ,^QQP22K8O "*" ^N20P2' P'"oved superior to the other treatments. 
The effect of the latter treatment also showed parity with that of Sj^ jQQp24j^ go 
''" N^20S2 ^"^ ^NiooP24K80 "^  ^ N20- Treatment S^JQQP22K8O "^  ^N2OP2S2 registered 
11.0% more leaves than the control (Table 82). 
4.3.3.1.3 Leaf area index 
Treatment Sj^ jQQp22Kgo + PN20P2S2 excelled the other treatments 
regarding leaf area index. Its effect was followed by that of SJ^ |QQP22K8O "^  
FN20P2 (equalled by that of SN,OOP24K8O + f"N20S2)- Treatment SN,OOP22K8O + 
^N20P2S2 improved leaf area index by 20.2% over the control (Table 82). 
4.3.3.1.4 Fresh weight per plant 
Application of SJ^ JQQP22K8O "*" '^N20P2S2 resulted in maximum fresh 
weight. The next effective treatment was SJ^ ,QQP22K8O "*" ^N2OP2 which itself 
showed parity with Sj^ ,oop24K8o + FN20S2- Treatment SN,OOP22K80 + FN20P2S2 
produced 17.9% more fresh matter than the control (Table 83). 
4.3.3.1.5 Dry weight per plant 
The maximum dry weight was recorded with the application of 
SN100P22K80 "^  FN20P2S2- ^^S cffcCt WaS folloWCd by that of S^,OOP22K80 + FN20P2 
which exhibited parity with that of Sj^ joQp24j^ go "*" ^N20S2 Treatment 
^NiooP22K80 "*" ^ N20P2S2 J^iproved dry weight by 17.6% compared with the 
control (Table 83). 
Table 82. Effect of eight combinations of soil-applied and leaf-applied 
nitrogen, phosphorus, potassium and sulphur on shoot length, leaf number 
and leaf area index of leek at 120 d after transplanting 
Treatments 
(kg/ha) 
*5 + F 
'^ N120P24K80 '^ W 
'^ N100P24K80 '^N20 
<s + F 
'^ N120P22K80 ^P2 
<\ + F 
'^ N120P24K80 ^82 
<\ + F 
'^ N100P22K80 '^N20P2 
S + F 
'^ NI00P24K80 ^N20S2 
S + F 
'^ N120P22K80 '^ P^2S2 
^N100P22K80 "^  '^N20P2S2 
CD at 5% 
Shoot length 
(cm) per plant 
89.00 
92.00 
89.66 
89.50 
92.33 
92.16 
90.00 
93.50 
3.88 
Leaf number 
per plant 
9.11 
9.66 
9.44 
9.33 
9.99 
9.66 
9.55 
10.11 
0.42 
Leaf area 
index 
5.59 
6.15 
5.89 
5.86 
6.49 
6.45 
5.92 
6.72 
0.19 
Table 83. Effect of eight combinations of soil-applied and leaf-applied 
nitrogen, phosphorus, potassium and sulphur on fresh weight, dry weight and 
leaf carbonic anhydrase activity of leek at 120 d after transplanting 
Treatments 
(kg/ha) 
^N120P24K80 "*" ^W 
'^N100P24K80 '^NIO 
^N120P22K80'^ '^P2 
S + F 
'^N120P24K80 ^S2 
S + F 
'^N100P22K80 '^N20P2 
^N100P24K80 "*" ^N20S2 
S + F 
'^N120P22K80 '^P2S2 
S + F 
'^N100P22K80 ^N20P2S2 
CD at 5% 
Fresh weight 
(g) per plant 
169.33 
185.00 
176.33 
175.16 
193.66 
191.33 
179.66 
199.66 
5.23 
Dry weight 
(g) per plant 
24.30 
26.83 
25.62 
25.49 
27.71 
27.68 
25.94 
28.58 
0.82 
Carbonic 
anhydrase activity 
(^ i mol COj/kg 
leaf fresh matter/s) 
137.00 
164.00 
149.66 
148.66 
181.00 
176.00 
157.00 
200.33 
7.77 
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4.3.3.2 Enzyme activity 
The activity of leaf carbonic anhydrase at 120 d was affected 
significantly by the application of treatments. The data (Table 83) are 
summarised below. 
4.3.3.2.1 Carbonic anhydrase activity 
Treatment Sj^ jQQpjj^ go "^  ^N20P2S2 showed the maximum enzyme 
activity. The next effective treatment was Sj^ jQQpjjKgo "^  PN20P2 (^ * P^^ ^^^^ 
N^iooP24K80 "*" ^N20S2)- Treatment S-^ ,QQP22K8O "*" ^N20P2S2 registered 46.2/o 
higher value than the control (Table 83). 
4.3.3.3 Nitrogen, phosphorus, potassium and sulphur content of leaves 
The effect of treatments on the leaf content of these nutrients at 
120 d was significant except that of phosphorus. The data (Table 84) are 
described below in brief. 
4.3.3.3.1 Nitrogen 
The effect of S i^oop j^Kgo + FN20P2S2 (equalled by that of S j^oopjjKgo 
"*" ^ N 2 0 P 2 ' ^ N 1 0 0 P 2 4 K 8 0 "*" ^N20S2 ^ " " ^N100P24K80 "*" ^N2o) ^ ^ ^ fOUUd tO b e 
superior to that of the other treatments. SjgjQQpjjKso"^  ^N20P2S2 '"^proved leaf 
nitrogen content by 14.1% in comparison with the control (Table 84). 
4.3.3.3.2 Phosphorus 
There was non-significant effect of treatments on leaf phosphorus 
content (Table 84). 
4.3.3.3.3 Potassium 
The effect of treatment SJ^ ,QQP22K:8O "^  f^ N20P2S2 being at par with that 
°^^N100P22K80 "^  f^N20P2' ^N100P24K80 "^  ^N20S2 ^ " " ^N100P24K80 "*" ^N20' P^OVCd 
superior to that of the other treatments. It increased leaf potassium content 
by 10.0% over the control (Table 84). 
Table 84. Effect of eight combinations of soil-applied and leaf-applied 
nitrogen, phosphorus, potassium and sulphur on leaf nitrogen, phosphorus, 
potassium and sulphur content (per cent of dry weight) of leek at 120 d after 
transplanting 
Treatments 
(kg/ha) 
^N120P24K80 "*" ^W 
^N100P24K80 "*" ^N20 
^N120P22K80'*' ^P2 
'^N120P24K80 ^82 
S + F 
'^N100P22K80 ^N20P2 
S + F 
'^N100P24K80 ^N20S2 
S + F 
'^N120P22K80 '^P2S2 
S + F 
'^N100P22K80 ^N20P2S2 
CD at 5% 
Nitrogen 
3.33 
3.60 
3.40 
3.40 
3.76 
3.70 
3.53 
3.80 
0.23 
Phosphorus 
0.45 
0.46 
0.47 
0.46 
0.47 
0.47 
0.47 
0.47 
NS 
Potassium 
4.00 
4.26 
4.10 
4.03 
4.33 
4.30 
4.16 
4.40 
0.22 
Sulphur 
0.42 
0.40 
0.41 
0.48 
0.39 
0.46 
0.47 
0.45 
0.02 
NS = non-significant 
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4.3.3.3.4 Sulphur 
The effect of treatments containing sulphur in the spray on sulphur 
content of leaves was better (Table 84). 
4.3.3.4 Yield characteristics 
Treatments had significant effect on the yield parameters studied. 
A concise account of the data (Table 85) is given below. 
4.3.3.4.1 Shoot length per plant 
Treatment SJ^ JQQPJJKSO "*" f^ N20P2S2 (leaving equality in its effect with 
^N100P22K80 "^  ^N20P2' ^N100P24K80 '^ ^N20S2 ^ " " ^N100P24K80 """ ^N2o) S^^e 
higher values for shoot length than the other treatments. It exhibited 8.6% 
taller plants than the control (Table 85). 
4.3.3.4.2 Pseudo-stem diameter 
The effect of S^ joQpjjKgo + FN20P2S2 (^t par with that of Sj^ joQpjjKgo 
'*' ^ N 2 0 P 2 ' ^ N 1 0 0 P 2 4 K 8 0 "*" ^N20S2 ^ ^ ^ "^N100P24K80 ''' ^N2o) ^ " p s e u d o - S t c m 
diameter was superior to that of the other treatments. Treatment SJ^ JQQP22K8O 
+ Fj^ 20P2s: registered 20.3% higher value than the control (Table 85). 
4.3.3.4.3 Fresh weight per plant 
The maximum fresh weight was recorded on the application of 
N^10OP22K8O "^  PN20P2S2' fo^OWed by Sj^ ,QQp22K.80 + f"N20P2 (^ * P^ *" ^^^^ 
^NiooP24K80 "*" ^N20S2)- Treatment Sj^ (^)yp22j<^ go + f^ N20P2S2 increased fresh 
weight per plant by 16.6% over the control (Table 85). 
4.3.3.4.4 Total fresh matter yield 
As noted for the other yield characteristics, treatment Sj^ Q^Qp22Kgo 
+ FN2()P2S2 proved best for total fresh matter yield. Its effect was followed 
by that of SJ^ JQQP22K8O "*" ^N20P2 which itself showed parity witli that of 
^NiooP24K80 ••" ^N20S2- Treatment SJ^ JQQPJJKSO "^  f"N20P2S2 out-yielded the 
control by 26.4% (Table 85). 
Table 85. Effect of eight combinations of soil-applied and leaf-applied 
nitrogen, phosphorus, potassium and sulphur on yield characteristics of leek 
at harvest 
Treatments 
(kg/ha) 
^N120P24K80 '*' ^ W 
^N100P24K80 "*" ^N20 
^N120P22K80'^ '^P2 
^N120P24K80 "^  ^ S2 
^N100P22K80''" ^N20P2 
^N100P24K80 "'' *^N20S2 
^N120P22K80 "^  ^P2S2 
^N100P22K80 "*" ^ N20P2S2 
CD at 5% 
Shoot 
length(cm) 
per plant 
97.00 
101.16 
99.33 
99.00 
103.33 
102.66 
100.00 
105.33 
5.13 
Pseudo-stem 
diameter (cm) 
3.00 
3.38 
3.26 
3.20 
3.53 
3.48 
3.30 
3.61 
0.29 
Fresh 
weight(g) 
per plant 
212.33 
227.00 
223.33 
220.83 
238.00 
235.33 
226.00 
247.50 
7.48 
Total fresh 
matter yield 
(t/ha) 
77.00 
87.33 
82.33 
81.16 
92.66 
91.66 
84.00 
97.33 
3.90 
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4.4 Experiments 11, 12 and 13 
These experiments were performed on the same three allium crops 
that were grown in the previous trials. Six combinations of soil and foliar 
nitrogen, phosphorus, potassium and sulphur were applied. The phosphorus 
and sulphur in the spray were derived from laboratory grade and commercial 
sources. The salient features of results of each experiment (Tables 86-108) 
are given below. 
4.4.1 Experiment 11 
This field trial was performed according to a factorial randomised 
block design on the same two varieties of onion that were selected for 
Experiments 4 and 8. The crop was grown with soil-applied and leaf-applied 
nutrient combinations containing three and two sources of spray phosphorus 
and sulphur respectively (Table 12). In general, treatment S^ jQQp22i^ 9o + 
N^20P2(DAP)S2(ssp) ^"^ Variety Nasik Red, alone as well as in combination, 
proved best. The data (Tables 86-99) are described below in brief. 
4.4.1.1 Growth parameters 
The effect of treatments and of their interactions with varieties on 
growth characteristics as well as varietal differences (except shoot length) 
studied at 120 d were significant. The important results (Tables 86-90) are 
given below. 
4.4.1.1.1 Shoot length per plant 
Treatments SJ^ JQQPJJKQO "^  '^N20P2S2' ^NIOOP22K90 "^  ^N20P2(DAP)S2 ^"° 
SNIOOP22K9O + f"N20P2(DAP)S2(SSP) ^erc at par in their effect and gave highest 
values for shoot length. Treatment S J^QQP22K9O •*" FN20P2(DAP)S2(SSP) increased 
shoot length by 8.5% over SJ^J20P24K90 "'" ^w ^^^ control. 
Varieties did not differ with regard to shoot length per plant, as has 
been mentioned above. 
118 
The interaction effect of S^ ]OQp22K9o •*" f^ N20P2(DAP)S2'^  \^ Tiite Globe 
was at par with that of several interactions, including Sjg,oop22K9o + 
N^20P2(DAP)S2(SSP) ^ Nasik Red and was better than that of the other 
interactions. An increase of 9.9% in shoot length over the least effective 
interaction (SJ^J20P24K90 "'' ^^ W ^ Nasik Red) was recorded on the application 
°^ ^NiooP22K90 "^  N^20P2(DAP)S2(SSP) ^  Nasik Red (Table 86). 
4.4.1.1.2 Leaf number per plant 
All treatments containing nutrients in the spray were at par in their 
effect and were noted to be superior to the control in this respect. Treatment 
N^iouP22K90 "^  N^20P2(DAP)S2(SSP) P^oduced 8.6% more leaves than the control. 
Nasik Red surpassed White Globe with regard to leaf number per 
plant by 7.0%. 
The effect of S J^QQP22K9O "*" f^ N;()P2(DAP)S2 ^ Nasik Red, at par with 
that 01 ->N]()op22K90 "*" N^2()P2(DAP)S2(SSP)' N^100P22K90 "*" ^N20P2S2' "*N100P22K90 "*" 
F^ 20P2 and SN,OOP22K90 + f^ 20P2(DAP) interacting with Nasik Red, proved 
superior to that of the other interactions. SJ^ JQQP22K9O "^  f^ N20P2(DAP)S2(SSP) ^ 
Nasik Red exhibited 14.5% higher value than Sj^ ,2op24K9o "^  ^w ^ White 
Globe which showed the minimum number of leaves (Table 87). 
4.4.1.1.3 Leaf area index 
The effect of treatments SJ ]^O()P;2K9O "^  ^N20P2(DAP)S2(SSP)' ^NIOOP22K9O 
+ FN20P2(DAP)S2 a"d S^ ,o„p22K9o + FN2OP:S2' ^'cing at par, proved better than 
that of the other treatments. Treatment Sj^ ,„yp22K9o ••" FN20P2(DAP)S2(SSP) 8*"^ ^ 
22.9% higher value for this parameter than the control. 
Variety Nasik Red surpassed White Globe in leaf area index by 
22.1%. 
The effect of the interaction S^ ,„op22K9o + FN20P2(DAP)S2(SSP) "^ Nasik 
Red was at par with that of Sj„„„p22K9o ^ FN20P2S2' SNIOOP22K9O ^ 
Table 86. Effect of six combinations of soil-applied and leaf-applied 
nitrogen, phosphorus, potassium and sulphur, containing three sources of 
phosphorus and two of sulphur in the spray, on shoot length (cm) per plant 
of two varieties of onion at 120 d after transplanting 
Treatments (T) 
(kgAia) 
Varieties (V) 
Nasik Red White Globe Mean 
^N120P24K90 "*" ^W 65.50 66.16 65.83 
^N100P22K90'^ ^N20P2 
^N100P22K90'*' '^N20P2(DAP) 
^N100P22K90 "^  f^N20P2S2 
^N100P22K90 '*' ^N20P2(DAP)S2 
Mean 
CD at 5% 
69.83 
70.33 
72.16 
71.83 
^NI00P22K90 "*" '^N20P2(DAP)S2(SSP) 7 2 . 0 0 
70.28 
T= 1.91 
68.83 
69.33 
72.00 
72.16 
70.83 
69.89 
= NS 
69.33 
69.83 
72.08 
72.00 
71.42 
TxV = 2.70 
NS = non-significant 
Table 87. Effect of six combinations of soil-applied and leaf-applied 
nitrogen, phosphorus, potassium and sulphur, containing three sources of 
phosphorus and two of sulphur in the spray, on leaf number per plant of two 
varieties of onion at 120 d after transplanting 
Treatments (T) 
(kg/ha) 
Varieties (V) 
Nasik Red White Globe Mean 
^N120P24K90 "*" '^W 7.99 7.66 7.83 
'^N100P22K90 '^N20P2 
'^N100P22K90 ^N20P2(DAP) 
S + F 
' 'N100P22K90 ^N20P2S2 
<i + F 
'^N100P22K90 ^N20P2(DAP)S2 
S + F 
' 'N100P22K90 ^N20P2(DAP)S2(SSP) 
Mean 
CD at 5% 
8.55 
8.55 
8.77 
8.88 
8.77 
8.59 
T = 0.35 V 
7.99 
8.00 
8.22 
8.11 
8.22 
8.03 
= 0.20 
8.27 
8.28 
8.50 
8.50 
8.50 
TxV = 0.49 
119 
'^N20P2(DAP)S2' ^N100P22K90 "^  ^N20P2(DAP) ^ " " ^N100P22K90 "*" ^N20P2 I n t e r a c t i n g 
with Nasik Red and was superior to that of the others. Sj^ joQp22K90 + 
PN20P2(DAP)S2(SSP) ^ Nasik Red increased leaf area index by 21.6% over the 
least effective interaction, i.e. SJ^J2OP24K9O "*" ^W ^ White Globe (Table 88). 
4.4.1.1.4 Fresh weight per plant 
T r e a t m e n t s SJ^,QQP22K90 "'" *^N20P2(DAP)S2, ^ N 1 0 0 P 2 2 K 9 0 "^  ^ N 2 0 P 2 S 2 ^'^^ 
^NiooP22K9o "^  ^ N20P2(DAP)S2(SSP) showcd parity in their effect and surpassed 
the other treatments. Treatment Sj^ ioop22K9o + FN20P2(DAP)S2(SSP) g^ve 22.9% 
higher value for fresh weight than the control. 
Variety Nasik Red produced 22.1% more fresh matter than white 
Globe. 
Interaction effect of Sj^ jyQp22K90 "*" ^N20P2(DAP)S2, ^NIOOP22K9O ^ 
FN20P2S2 and SN,OOP22K90 + FN20P2(DAP)S2(SSP) with Nasik Red was at par and 
proved better than that of the other interactions. SJ^JQQP22K90 + 
^N2OP2(DAP)S2(SSP) ^ ^^^ik Red enhanced fresh weight per plant by 48.1% over 
^Ni20P24K90 "^  ^^ w ^  White Globe which produced the minimum fresh matter 
(Table 89). 
4.4.1.1.5 Dry weight per plant 
Treatments S^,QQP22K9O "'" ^N20P2(DAP)S2, ^NIOOP22K9O "^  ^N20P2S2 a^" 
SNIOOP22K90 + fN20P2(DAP)S2(SSP)' ^^^^g ^^"^^ ^^  their effect, proved superior 
to the other treatments. Sj^ ioop22K9o + FN20P2(DAP)S2(SSP) g^^e 17.7% higher 
dry weight than the control. 
Nasik Red surpassed White Globe in dry matter production by 
41.0%. 
N^100P22K90 "*" ''^ N20P2(DAP)S2, ^ N100P22K90 "*" N^20P2S2 ^^"^ ^ N100P22K90 "*" 
N^20P2(DAP)S2(ssP) interacting with Nasik Red equally and gave better results 
Table 88. Effect of six combinations of soil-applied and leaf-applied 
nitrogen, phosphorus, potassium and sulphur, containing three sources of 
phosphorus and two of sulphur in the spray, on leaf area index of two 
varieties of onion at 120 d after transplanting 
Treatments (T) 
(kg/ha) 
Varieties (V) 
Nasik Red White Globe Mean 
S + F 7.72 6.96 7.34 
'^N100P22K90 ^N20P2 
S + F 
'^N100P22K90 ^N20P2{DAP) 
S + F 
'^N100P22K90 ^N20P2S2 
S + F 
''N100P22K90 ^N20P2(DAP)S2 
S + F 
'^N100P22K90 ^N20P2(DAP)S2(SSP) 
Mean 
8.25 
8.26 
8.40 
8.32 
8.46 
8.24 
7.42 
7.34 
7.61 
7.77 
7.67 
7.46 
7.84 
7.80 
8.01 
8.05 
8.07 
CD at 5% T = 0.16 V = 0.10 TxV = 0.23 
Table 89. Effect of six combinations of soil-applied and leaf-applied 
nitrogen, phosphorus, potassium and sulphur, containing three sources of 
phosphorus and two of sulphur in the spray, on fresh weight (g) per plant of 
two varieties of onion at 120 d after transplanting 
Treatments (T) 
(kg/ha) 
Varieties (V) 
Nasik Red White Globe Mean 
^N120P24K90 "^  ^W 117.33 97.66 107.50 
'^N100P22K90 ^N20P2 
'^N100P22K90 ^N20P2(DAP) 
S + F 
'^N100P22K90 '^N20P2S2 
S + F 
'^N100P22K90 •^N20P2(DAP)S2 
Mean 
CD at 5% 
135.00 
133.33 
145.66 
150.33 
'^ N100P22K90 '^N20P2(DAP)S2(SSP) i t t - " " 
137.72 
T = 5.38 
112.33 
109.33 
120.00 
117.66 
119.66 
112.77 
/ = 3.11 
123.67 
121.33 
132.83 
134.00 
132.16 
TxV = 7.61 
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than the other interactions. Application of SjgjQppjjKw "^  Fjg20P2(DAP)S2(ssP)^  
Nasik Red resulted in 63.1% higher dry matter production than S}^ J2OP24K9O 
+ F^ X White Globe which showed the least effect (Table 90). 
4.4.1.2 Enzyme activity 
Effect of treatments and of their interactions with varieties on leaf 
carbonic anhydrase activity at 120 d was significant, so were the varietal 
differences. The data (Table 91) are described below. 
4.4.1.2.1 Carbonic anhydrase activity 
T r e a t m e n t s ^NU)0P22K90 "*" ^N2UP2(UAP)S2 . ^ N 1 0 0 ? 2 2 K 9 0 '*' *^N2()P2S2 ^ " " 
SNIO()P22K90 ^ N^20P2(DAP)S2(SSP)' ^^ ^^ 8^ ^^  P^^ '^ ^heir effect, surpassed the 
other treatments. Sj^ ,Qop22K9o + f^ N20P2cDAP)S2(SSP) improved the enzyme 
activit>' by 53.5% compared with the control. 
Nasik Red exhibited 9.7% higher enzyme activity than White 
Globe. 
The effect of SJ^ ,QQP22K9O + f^ N20P2S2 ^ Nasik Red was at par with that 
°* '^N100P22K90 "*" ^N2()P2(DAP)S2 ^ NaSlK R e d and !^N]00P22K90 "*" 
N^2()P2{DAP)S2^ ssp) ^ Nasik Red and proved better than that of the other 
interactions. Sj^ j^ ^^ p^jjK^ + f^ N20P2(DAP)S2iSSP) ^ Nasik Red registered 73.3% 
higher value than SJ ,^2OP24K9O "'" ^W ^ White Globe which affected it the least 
(Table 91). 
4.4.1.3 Nitrogen, phosphorus, potassium and sulphur content of leaves 
Treatments as well as their interactions with varieties showed 
significant effect on the percentage of these nutrients in the leaves at 120 d. 
Varietal differences (except for phosphorus and potassium content) were 
also found significant. The results (Tables 92-95) are presented below in 
brief 
Table 90. Effect of six combinations of soil-applied and leaf-applied 
nitrogen, phosphorus, potassium and sulphur, containing three sources of 
phosphorus and two of sulphur in the spray, on dry weight (g) per plant of 
two varieties of onion at 120 d after transplanting 
Treatments (T) 
(kg/ha) 
Varieties (V) 
Nasik Red White Globe Mean 
^N120P24K90 "^  '^W 19.20 13.93 16.57 
'^N100P22K90 '^N20P2 
^N100P22K90"'" '^N20P2(DAP) 
'^N100P22K90 ^N20P2S2 
S + F 
'^N100P22K90 '^N20P2(DAP)S2 
Mean 
CD at 5% 
21.32 
21.04 
22.94 
23.63 
^N100P22K90'*' '^N20P2(DAP)S2(SSP) 2 2 . 7 3 
21.81 
T = 0.77 
15.38 
14.95 
16.30 
15.98 
16.28 
15.47 
= 0.44 
18.35 
18.00 
19.62 
19.81 
19.51 
TxV= 1.08 
Table 91. Effect of six combinations of soil-applied and leaf-applied 
nitrogen, phosphorus, potassium and sulphur, containing three sources of 
phosphorus and two of sulphur in the spray, on leaf carbonic anhydrase 
activity (|j. mol COj/kg leaf fresh matter/s) of two varieties of onion at 
120 d after transplanting 
Treatments (T) 
(kg/ha) 
Varieties (V) 
Nasik Red White Globe 
Mean 
^N120P24K90 "^  ^W 145.66 119.66 132.66 
^N100P22K90"^ ^N20P2 
'^N100P22K90 ^N20P2 (DAP) 
S + F 
'^N100P22K90 '^N20P2S2 
^N100P22K90 "*" ^N20P2(DAP)S2 
Mean 
CD at 5% 
200.33 
193.33 
213.33 
211.33 
^N100P22K90"^ ^1M20P2(DAP)S2(SSP) 2 0 7 . 3 3 
195.22 
T = 6.67 
175.00 
179.33 
194.33 
199.33 
200.00 
177.94 
/ = 3.85 
187.67 
186.33 
203.83 
205.33 
203.67 
TxV = 9.43 
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4.4.1.3.1 Nitrogen 
T r e a t m e n t s SJ^,QQP22K9O "^  ^ N 2 0 P 2 ( D A P ) S 2 , ^ N 1 0 0 P 2 2 K 9 0 "*" ' ^ N 2 0 P 2 S 2 ^ ^ " 
SNIOOP22K9O + FN20P2(DAP)S2(SSP)' ^cing at par in their effect, exhibited higher 
value for nitrogen content of leaves than the other treatments. SJ I^OOP22K90 "'' 
PN20P2(DAP)S2(SSP) enhanced leaf nitrogen content by 15.6% over the control. 
Variety Nasik Red showed 2.9% higher leaf nitrogen content than 
White Globe. 
The effect of the interactions of the three treatments containing 
spray sulphur with both varieties, being at par, proved superior to that of the 
other interactions. SN,OOP22K90 + fN20P2(DAP)S2(ssp) ^ Nasik Red exhibited 
21.2% higher leaf nitrogen content than SJ^ J2OP24K9O "^  ^w ^ White Globe 
which showed the lowest value (Table 92). 
4.4.1.3.2 Phosphorus 
Treatment SN,OOP22K90 + FN20P2(DAP)S2(SSP)' showing parity in its 
effect with the other treatments except the control, registered 7.7% higher 
phosphorus content than the latter. 
As mentioned above, varieties did not differ with regard to leaf 
phosphorus content. 
The interaction effect of treatments with varieties was not 
pronounced as all interactions, except the least effective SJ^,2OP24K9O "'' ^W ^ 
White Globe were at par in their effect. SJ^JOQPJJKM "^  ^N20P2(DAP)S2(SSP) ^ 
Nasik Red enhanced the leaf phosphorus content by 12.0% compared with 
SN,2OP24K90 + f"w '^  ^^»te Globe (Table 93). 
4.4.1.3.3 Potassium 
Treatments SJ^,QQP22K90 + ^N20P2(DAP)S2(SSP), ^NIOOP22K9O "^  
FN20P2(DAP)S2 an<^  SN,OOP22K90 + FN20P2S2. showiug equality in their effect. 
Table 92. Effect of six combinations of soil-applied and leaf-applied 
nitrogen, phosphorus, potassium and sulphur, containing three sources of 
phosphorus and two of sulphur in the spray, on leaf nitrogen content (per 
cent of dry weight) of two varieties of onion at 120 d after transplanting 
Treatments (T) 
(kg/ha) 
Varieties (V) 
Nasik Red White Globe Mean 
SN120P24K90 "'' ^ W 2.90 2.73 2.82 
^N100P22K90 "^  ^N20P2 3.15 3.06 3.11 
''N100P22K90 '^N20P2(DAP) 3.10 3.00 3.05 
'^ N100P22K90 ^N20P2S2 3.29 3.26 3.28 
^NI00P22K90 "^  '^N20P2(DAP)S2 3.35 3.28 3.32 
^N100P22K90 "*" ^ N20P2(DAP)S2(SSP) ^ ' ^ ' 3.21 3.26 
Mean 3.18 3.09 
CD at 5% T = 0.14 V = 0.08 TxV = 0.19 
Table 93. Effect of six combinations of soil-applied and leaf-applied 
nitrogen, phosphorus, potassium and sulphur, containing three sources of 
phosphorus and two of sulphur in the spray, on leaf phosphorus content (per 
cent of dry weight)of two varieties of onion at 120 d after transplanting 
Treatments (T) 
(kg/ha) 
^N120P24K90 "*" ^W 
'^N100P22K90 ^N20P2 
S + F 
'^N100P22K90 ^N20P2(DAP) 
^N100P22K90 "'' ^N20P2S2 
S + F 
'^N100P22K90 ^N20P2(DAP)S2 
S + F 
'^N100P22K90 ^N20P2(DAP)S2(SSP) 
Mean 
CD at 5% 
Varieties (V) 
Nasik Red 
0.26 
0.27 
0.27 
0.28 
0.28 
0.28 
0.27 
T = 0.015 
White Globe 
V 
0.25 
0.26 
0.26 
0.28 
0.27 
0.27 
0.27 
= NS 
Mean 
0.26 
0.27 
0.27 
0.28 
0.28 
0.28 
TxV = 0.022 
NS = non-significant 
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proved superior to the other treatment. Treatment Sj^ joQpjj^ gQ + 
N^20P2(DAP)S2(SSP) '"creased leaf potassium content by 13.7% in comparison 
with the control. 
As mentioned above, varieties had no difference with regard to 
potassium content of leaves. 
The interaction effect of S^ .^pjjKQo + FN20P2(DAP)S2(SSP) ^ ^asik 
Red, being at par with that of the other interactions having sulphur in the 
spray, proved better than that of the other interactions. It exhibited 17.0% 
higher value for leaf potassium content than SJ^J20P24K90 "^  ^W ^ Nasik Red 
which gave the minimum value (Table 94). 
4.4.1.3.4 Sulphur 
SNIOOP22K90 + FN20P2(DAP)S2 showing parity in its effect with 
N^100P22K90 "*" ^N20P2(DAP)S2(SSP) ^^^ N^1()0P22K90 "^  ^N20P2S2 SUrpaSSCd the 
Other treatments. Treatment Sj^ ,Qop22K9o "^  ^N20P2(DAP)S2(SSP) improved sulphur 
content by 5.2% compared with the control. 
Nasik Red exhibited 12.5% higher sulphur content of leaves than 
White Globe. 
The effect of the interaction S j^^ op-jij^ gy -^  FN20P2(DAP)S2 ^ Nasik 
Red (equalled by that of SJ^ JQQPJJKW + FN20P2(DAP)S2(SSP) ^ ^asik Red, 
^NIOOP22K9O "*" ^N20P2S2 ^ Nasik Red and SJ^ ,QQP22K9O + f^ N20P2(DAP) ^ Nasik 
Red) was superior to that of the other interactions with regard to leaf sulphur 
content. S^ ,o^ )p22K9o + ^N20P2(DAP)S2(SSP) ^ Nasik Red registered 23.1% higher 
value than the least effective interaction, i.e., Sjg,QQp22K9o "•• ^N20P2 ^ White 
Globe (Table 95). 
4.4.1.4 Yield characteristics 
A significant effect of treatments and of their interaction with 
varieties as well as varietal differences with regard to yield parameters 
Table 94. Effect of six combinations of soil-applied and leaf-applied 
nitrogen, phosphorus, potassium and sulphur, containing three sources of 
phosphorus and two of sulphur in the spray, on leaf potassium content (per 
cent of dry weight) of two varieties of onion at 120 d after transplanting 
Treatments (T) 
(kg/ha) 
S + F 
^N100P22K90'^ ^N20P2 
'^N100P22K90 ^N20P2(DAP) 
S + F 
'^N100P22K90 ^N20P2S2 
S + F 
'^N100P22K90 ^N20P2(DAP)S2 
S + F 
'^N100P22K90 ^N20P2(DAP)S2(SSP) 
Mean 
CD at 5% 
Varieties (V) 
Nasik Red 
2.53 
2.76 
2.73 
2.90 
2.96 
2.96 
2.81 
T = 0.13 
White Globe 
2.56 
2.63 
2.70 
2.86 
2.80 
2.83 
2.73 
V = NS 
Mean 
2.55 
2.70 
2.72 
2.88 
2.88 
2.90 
TxV = 0.19 
NS = non-significant 
Table 95. Effect of six combinations of soil-applied and leaf-applied 
nitrogen, phosphorus, potassium and sulphur, containing three sources of 
phosphorus and two of sulphur in the spray, on leaf sulphur content (per cent 
of dry weight) of two varieties of onion at 120 d after transplanting 
Treatments (T) 
(kg/ha) 
Varieties (V) 
Nasik Red White Globe Mean 
S + F 
'^N120P24K90 ^W 
0.61 0.55 0.58 
•^NlOOPllK^ '^N20P2 0.61 0.52 0.57 
S + F 
'^N100P22K90 ^N20P2(DAP) 
S + F 
'^N100P22K90 ^N20P2S2 
S + F 
'^N100P22K90 ^N20P2(DAP)S2 
S + F 
'^N100P22K90 ^N20P2(DAP)S2(SSP) 
Mean 
CD at 5% T = 
0.62 
0.64 
0.65 
0.64 
0.63 
= 0.02 V 
0.54 
0.57 
0.59 
0.58 
0.56 
= 0.01 
0.58 
0.61 
0.62 
0.61 
TxV = 0.03 
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(except harvest index) was noted. A concise account of the data (Tables 
96-99) for each parameter is given below. 
4.4.1.4.1 Bulb diameter 
Treatments, having all three nutrients (nitrogen, phosphorus and 
sulphur) in the spray, were at par in their effect and gave higher values than 
the control. An increase of 12.1% over the control resulted on the 
a p p l i c a t i o n o f SJJJQQP22K90 "'' ^N20P2(DAP)S2(SSP)-
Nasik Red surpassed White Globe by 13.2% with regard to bulb 
diameter. 
The interaction effect of SJJJQQP22K90 "^  ^N20P2(DAP)S2' ^NIOOP22K90 "*" 
^N20P2S2' N^100P22K90 "^  N^20P2(DAP)S2(SSP)' N^100P22K90 "^  N^20P2(DAP) ^ " 
'^ NiooP22K9o •'" ^N20P2 ^'^^ Nasik Red was at par and superior to that of the 
other interactions. SNIOOP22K90 "^  fN20P2(DAP)S2(SSP) ^ Nasik Red enhanced 
bulb diameter by 57.7% compared with Sj^ j2op24K9o "^  ^w ^ White Globe 
which gave the lowest value (Table 96). 
4.4.1.4.2 Weight per bulb 
T r e a t m e n t s SJJJQQP22K90 + ' ^ N 2 0 P 2 ( D A P ) S 2 ' ^ N 1 0 0 P 2 2 K 9 0 "*" '^N20P2S2' 
SNIOOP22K90 + fN20P2(DAP)S2(SSP)' ^aviug parity in their effect, surpassed the 
other treatments with regard to average weight of bulbs. SJ^ ,QQP22K9O "^  
N^20P2(DAP)S2(SSP) P^oduced 31.0% heavier bulbs than the control. 
Nasik Red had 17.6% higher value for weight per bulb than White 
Globe. 
The effect of the interaction of Sj^ ,oop22K9o "^  PN20P2PAP)S2. 
N^100P22K90 "*" N^20P2(DAP)S2(SSP)' N^100P22K90 "*" ^N20P2S2' N^100P22K90 "*" N^20P2 
and S}^ ,Qop22K9o "^  f^ N20P2(DAP) ^ ''^^ Nasik Red was at par and was better than 
that of the other interactions. SNIOOP22K9O + FN20P2(DAP)S2(SSP) ^ ^asik Red 
Table 96. Effect of six combinations of soil-applied and leaf-applied 
nitrogen, phosphorus, potassium and sulphur, containing three sources of 
phosphorus and two of sulphur in the spray, on bulb diameter (cm) of two 
varieties of onion at harvest 
Treatments (T) 
(kg/ha) 
'^ N120P24K90 ^W 
'^ N100P22K90 '^N20P2 
S + F 
'^ N100P22K90 ^N20P2(DAP) 
*? + F 
'^ N100P22K90 ^N20P2S2 
^N100P22K90 "^  ^N20P2(DAP)S2 
S + F 
'^ N100P22K90 ^N20P2(DAP)S2(SSP) 
Mean 
CD at 5% 
Varieties (V) 
Nasik Red 
4.76 
5.30 
5.36 
5.46 
5.50 
5.43 
5.30 
T = 0.19 
White Globe 
V 
4.33 
4.70 
4.66 
4.80 
4.83 
4.76 
4.68 
= 0.11 
Mean 
4.55 
5.00 
5.01 
5.13 
5.17 
5.10 
TxV = 0.27 
124 
gave 57.7% higher value than the least effective interaction, i.e. Sj^ ,2op24K9o 
+ F^ X White Globe (Table 97). 
4.4.1.4.3 Bulb yield 
N^100P22K90 "^  '^ N20P2(DAP)S2(SSP)' N^100P22K90 "^  ^N20P2S2 ^"" 
SNIO{)P22K9O+ f^ N20P2(DAP)S2 exhibiting equality in their effect, surpassed the 
other interactions. Their effect v^as followed by that of SJJ,QQP22K9O ••" FN20P2 
which itself showed parity' with that of SJ^ ^QQP22K9O"^  ^NIOPKDAP)- Treatment 
SNIOOP22K9O + FN20P2(DAP)S2(SSP) registered 20.2% higher bulb yield than the 
control. 
Nasik Red out-yielded White Globe by 19.9%. 
The interaction of the five treatments containing nutrients in the 
spray with Nasik Red, being at par in their effect, proved superior to the 
remaining interactions. SJ^ ,QQP22K.9O "•" f^ N2()P2(DAP)S2{SSP) ^ Nasik Red increased 
bulb yield by 48.9% over SJ^,20P24K9O "^  ^W '^  White Globe which gave the 
lowest value (Table 98). 
4.4.1.4.4 Harvest index 
As noted above, treatment effect, varietal differences and 
interaction (treatment x variety) effect were non-significant as far as harvest 
index was concerned (Table 99). 
4.4.2 Experiment 12 
This simple randomised field experiment was conducted on garlic 
crop grown with six soil and foliar nitrogen, phosphorus, potassium and 
sulphur treatments, containing three sources of phosphorus and two of 
sulphur in the spray (Table 13). Treatment SN7OPI6K6O + FN2OP2(DAP)S2(SSP) 
proved best for most of the growth and yield parameters studied. The data 
(Tables 100-104) are described below in brief. 
Table 97. Effect of six combinations of soil-applied and leaf-applied 
nitrogen, phosphorus, potassium and sulphur, containing three sources of 
phosphorus and two of sulphur in the spray, on weight (g) per bulb of two 
varieties of onion at harvest 
Treatments (T) 
(kgylia) 
Varieties (V) 
Nasik Red White Globe Mean 
S + F 45.43 36.76 41.10 
^N100P22K90 "^  ^ N20P2 
^N100P22K90"*' ^N20P2(DAP) 
^N100P22K90 "*" ^N20P2S2 
'^N100P22K90 '^N20P2(DAP)S2 
<\ + F 
'^N100P22K90 '^ N20P2(DAP)S2(SSP) 
Mean 
CD at 5% 
56.23 
56.00 
57.60 
58.00 
57.96 
55.20 
T=1.82 
47.00 
47.43 
50.20 
50.40 
49.76 
46.93 
V = 1.05 
51.62 
51.72 
53.90 
54.20 
53.86 
TxV = 2 
Table 98. Effect of six combinations of soil-applied and leaf-applied 
nitrogen, phosphorus, potassium and sulphur, containing three sources of 
phosphorus and two of sulphur in the spray, on bulb yield (t/ha) of two 
varieties of onion at harvest 
Treatments (T) 
(kg/ha) 
Varieties (V) 
Nasik Red White Globe Mean 
S + F 31.62 24.23 27.93 
'^N100P22K90 ^N20P2 
S + F 
'^N100P22K90 '^N20P2(DAP) 
S + F 
'^N100P22K90 ^N20P2S2 
^N100P22K90 "^  ^N20P2(DAP)S2 
<\ + F 
'^N100P22K90 '^N20P2(DAP)S2(SSP) 
Mean 
CD at 5% 
35.08 
35.00 
36.23 
36.00 
36.08 
35.00 
T = 1.28 
29.16 
28.91 
30.83 
31.00 
31.06 
29.20 
V = 0.74 
32.12 
31.96 
33.53 
33.50 
33.57 
TxV= 1 
Table 99. Effect of six combinations of soil-applied and leaf-applied 
nitrogen, phosphorus, potassium and sulphur, containing three sources of 
phosphorus and two of sulphur in the spray, on harvest index of two varieties 
of onion at harvest 
Treatments (T) 
(kgAia) 
^N120P24K90 "*" ^W 
^N100P22K90''" ^N20P2 
^N100P22K90"'' ^N20P2(DAP) 
^N100P22K90 "^  1^M20P2S2 
^N100P22K90 "*" ^N20P2(DAP)S2 
^N100P22K90 "*" ^N20P2(DAP)S2(SSP) 
Mean 
CD at 5% 
Varieties (V) 
Nasik Red 
0.89 
0.90 
0.89 
0.90 
0.90 
0.89 
0.90 
T=NS 
1 
White Globe 
V^ 
0.88 
0.89 
0.88 
0.89 
0.88 
0.89 
0.89 
= NS 
Mean 
0.89 
0.90 
0.89 
0.90 
0.89 
0.89 
TxV = NS 
NS = non-significant 
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4.4.2.1 Growth parameters 
The effect of treatments on all growth characteristics studied at 
155 d was found significant. The data (Tables 100 & 101) for these 
parameters are summarised below. 
4.4.2.1.1 Shoot length per plant 
All treatments containing nutrients in the spray were at par in their 
effect and showed higher value than Sj^ Q^pjg^ Q + F^ , the control. Treatment 
SN7OPI6K6O + FN20P2(DAP)S2(SSP) increased shoot length by 5.8% than the 
control (Table 100). 
4.4.2.1.2 Leaf number per plant 
All five treatments with nutrients in the spray exhibited parity in 
their effect and proved better than the control. An increase of 11.3% in leaf 
number in comparison with the control was recorded on the application of 
SN7OPI6K6O + fN20P2(DAP)S2(ssp) o^ the crop (Table 100). 
4.4.2.1.3 Leaf area index 
Treatments S^ p^pj^ j^ o^ + FN20P2(DAP)S2(SSP)' ^N7OPI6K60 "^  ^N20P2S2 ^^'^ 
SN7OPI6K6O "^  PN2OP2(DAP)S2' ^^^^8 ^^  P^ *" ' " ^^^^^ effect, surpassed the other 
treatments. Treatment Sj^ 7„p^ 6K6o + FN2OP2(DAP)S2(SSP) showed 10.8% higher 
value for leaf area index than the control (Table 100). 
4.4.2.1.4 Fresh weight per plant 
The effect of Sj^ Q^pj^ j^ Q^ + FN20P2(DAP)S2(SSP)' ^N7OPI6K60 "*" 
FN20P2(DAP)S2' and Sj^ 7op,6^ 6o + FN20P2S2 ^as equal with regard to fresh matter 
production and proved better than that of the other treatments. Sj^ o^pj^ j^ Q^ + 
N^20P2(DAP)S2(SSP) pro^iuced 16.7% more fresh matter than the control 
(Table 101). 
Table 100. Effect of six combinations of soil-applied and leaf-applied 
nitrogen, phosphorus, potassium and sulphur, containing three sources of 
phosphorus and two of sulphur in the spray, on shoot length, leaf number 
and leaf area index of garlic at 155 d after sowing 
Treatments Shoot length Leaf number Leaf area 
(kg/ha) (cm) per plant per plant index 
^N90P18K60 "*" ^W 
*i + F 
'^N70P16K60 ^N20P2(DAP) 
S + F 
•^ NTOPieKGO ^N20P2S2 
S + F 
'^ NTOPlGKeO ^N20P2(DAP)S2 
S + F 
'^N70P16K60 '^N20P2(DAP)S2(SSP) 
CD at 5% 
90.30 
93.83 
94.10 
95.00 
95.33 
95.50 
2.73 
10.96 
11.96 
11.83 
12.06 
12.20 
12.20 
0.64 
4.06 
4.25 
4.29 
4.48 
4.45 
4.50 
0.15 
Table 101. Effect of six combinations of soil-applied and leaf-applied 
nitrogen, phosphorus, potassium and sulphur, containing three sources of 
phosphorus and two of sulphur in the spray, on fresh weight, dry weight and 
leaf carbonic anhydrase activity of garlic at 155 d after sowing 
Treatments 
(kg/ha) 
<s 4- F 
'^N70P16K60 ^N20P2 
*s + F 
'^N70PI6K60 '^ NIOPZCDAP) 
S + F 
'^N70P16K60 '^ N20P2S2 
Fresh weight 
(g) per plant 
S + F 
'^N70P16K60 ^N20P2(DAP)S2 
S + F 
'^N70P16K60 ^N20P2(DAP)S2(SSP) 
CD at 5% 
167.03 
176.90 
179.33 
190.13 
193.23 
195.00 
9.15 
Dry weight 
(g) per plant 
27.51 
29.20 
29.35 
30.63 
30.85 
31.20 
1.19 
Carbonic 
anhydrase activity 
(H mol COj/kg 
leaf fresh matter/s) 
83.33 
128.33 
131.66 
142.33 
146.00 
142.33 
9.69 
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4.4.2.1.5 Dry weight per plant 
Treatments S^ ^^ p^j^ ^^ Q + FN20P2(DAP)S2(SSP)' ^N70PI6K6O •*" 
FN2OP2(DAP)S2' and Sj^ 7opi6K6o + FN20P2S2 exhibited equality in their effect and 
surpassed the other treatments with regard to dry weight of plants. 
Application of SN7OPI6K6O + FN20P2(DAP)S2(SSP) resulted in 13.4% more dry 
matter than the control (Table 101). 
4.4.2.2 Enzyme activity 
There was a significant effect of treatments on leaf carbonic 
anhydrase activity measured at 155 d. The salient features of results 
(Table 101) are given below. 
4.4.2.2.1 Carbonic anhydrase activity 
Treatments Sj^ Q^pjgj^ Q^ + FN20P2(DAP)S2' ^N7OPI6K60 "^  '^ N20P2S2 ^^^ 
SN70P16K60 + FN20P2(DAP)S2(SSP)' ^^iug at par in their effect, gave higher values 
for the activity of this en2yme than the other treatments. Treatment 
'^ N7opi6K60 •*" N^20P2(DAP)S2(SSP) increased leaf carbonic anhydrase activity by 
70.8% compared with the control (Table 101). 
4.4.2.3 Nitrogen, phosphorus, potassium and sulphur content of leaves 
The effect of treatments on the nitrogen, potassium and sulphur 
content of leaves determined at 155 d was significant. A concise account of 
the data (Table 102) is given below. 
4.4.2.3.1 Nitrogen 
All treatments which had nutrients in the spray showed parity in 
their effect on nitrogen content of leaves and gave higher values than the 
control. Treatment S^ ^^ opj^ Keo + FN20P2(DAP)S2(SSP) registered 16.1% higher 
value than the control (Table 102). 
Table 102. Effect of six combinations of soil-applied and leaf-applied 
nitrogen, phosphorus, potassium and sulphur, containing three sources of 
phosphorus and two of sulphur in the spray, on leaf nitrogen, phosphorus, 
potassium and sulphur content (per cent of dry weight) of garlic at 155 d 
after sowing 
Treatments Nitrogen Phosphorus Potassium Sulphur 
(kg/ha) 
'^N90P18K60 ^W 
^N70P16K60 "^  ^N20P2 
^N70P16K60 "^  ^N20P2(DAP) 
^N70P16K60 "^  ^N20P2S2 
'^N70P16K60 ^N20P2(DAP)S2 
S + F 
'^N70PI6K60 '^N20P2(DAP)S2(SSP) 
CD at 5% 
3.10 
3.50 
3.50 
3.60 
3.50 
3.60 
0.16 
0.28 
0.29 
0.30 
0.29 
0.30 
0.30 
NS 
2.53 
3.03 
3.00 
3.23 
3.33 
3.23 
0.24 
0.42 
0.44 
0.45 
0.50 
0.50 
0.49 
0.03 
NS = non-significant 
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4.4.2.3.2 Phosphorus 
Treatments did not affect phosphorus content of leaves 
significantly (Table 102). 
4.4.2.3.3 Potassium 
The effect of treatment Sj^ o^pj^ j^^ g^ + FJ^20P2(DAP)S2 ^^^ ^^  P^^ ^^^^ 
that of Sjj7Qp,^ j^ gQ + FN2OP2(DAP)S2(SSP) ^"" ^N70Pi6K6o"^  PN20P2S2 ^^^ provcd 
superior to that of the other treatments. Treatment Sj^ Q^pj^ j-^ Q + 
N^20P2(DAP)S2(SSP) enhanced potassium content of leaves by 27.7% in 
comparison with the control (Table 102). 
4.4.2.3.4 Sulphur 
Treatments Sj^ ^^ pj^ j^ Q^ + FN20P2(DAP)S2' ^N70PI6K6O "^  '^N20P2S2 ^"" 
SN7OPI6K6O + FN20P2(DAP)S2(SSP) exhibited equality in their effect and gave 
higher values for sulphur content of leaves than the other treatments. 
SN7OPI6K60 + FN20P2(DAP)S2(SSP) improved it by 16.7% compared with the 
control (Table 102). 
4.4.2.4 Yield characteristics 
The effect of treatments was significant on all yield parameters 
studied (except harvest index). The data (Tables 103 & 104) are described 
below in brief. 
4.4.2.4.1 Bulb diameter 
The effect of treatment S^^op,,^,,^ + FN2OP2(DAP)S2(SSP)' ^t par with 
t h a t o f S^70P16K60 "^  ^N20P2S2 ^ " ^ ^N70P16K60 "^ ^N20P2(DAP)S2' SUrpaSSCd t h a t o f 
the other treatments. Treatmem Sj^ ^op,^ ,^ .^ ^ -^ FN20P2(DAP)S2(SSP) increased the 
diameter of bulbs by 19.5% over the control (Table 103). 
4.4.2.4.2 Weight per bulb 
Treatments S^ ^^ p^j^ j^ Q^ + FJ^2OP2(DAP)S2(SSP)' ^N7OPI6K60 "*" FN20P2(DAP)S2 
and Sj^ 7^ ,p,gj,^ Q + F^ 20P2S2 showed equality in their effect on average weight 
Table 103. Effect of six combinations of soil-applied and leaf-applied 
nitrogen, phosphorus, potassium and sulphur, containing three sources of 
phosphorus and two of sulphur in the spray, on yield characteristics of 
garlic at harvest 
Treatments 
(kg/ha) 
^N90P18K60 "^  ^W 
'^N70P16K60 '^N20P2 
SI + F 
'^N70P16K60 ^N20P2(DAP) 
S + F 
"^NTOPieKeO ^N20P2S2 
<l + F 
'^N70PI6K60 ^N20P2(DAP)S2 
<\ + F 
"^NTOPieKeO ^1M20P2(DAP)S2(SSP) 
CD at 5% 
Bulb dia-
meter (cm) 
3.90 
4.40 
4.43 
4.63 
4.60 
4.66 
0.18 
Weight (g) 
per bulb 
23.66 
29.26 
28.00 
32.30 
32.43 
33.10 
2.66 
Clove number 
per bulb 
29.30 
32.00 
32.30 
32.93 
32.66 
33.00 
1.58 
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of bulbs.S^7„p„K6() + FN2()P2(DAP)S2(SSP) ga '^e 3^ 9% higher value for this 
parameter than the control (Table 103). 
4.4.2.4.3 Clove number per bulb 
Treatments having nutrients in their spray were equal in their effect 
on the number of cloves per bulb and proved better than the control. 
Treatment SN7OP,6K6O + FN20P2(DAP)S2(SSP) produced 12.6% more cloves per 
bulb than the control (Table 103). 
4.4.2.4.4 100-clove weight 
The pffprt nf *\ + F S + F 
i i i c CHCL.I u i >3j^7Qp^gj^gQ -r rj^2{)P2S2' '^N70P16K60 ^N20P2(DAP)S2(SSP) 
and Sj^ 7opi(5j^ go + F^2OP2(DAP)S2 ^^ 100-clove weight, being at par, was 
superior to that of the other treatments. Treatment Sj^ p^pj^ j^ Q^ + 
^N20P2(DAP)S2(SSP)P^ ^^ '^^ '^^  3.7% heavier cloves than the control (Table 104). 
4.4.2.4.5 Bulb yield 
Treatments S^ Q^pj^ j^ Q^ + FN20P2(DAP)S2{SSP)' ^N7OPI6K60 "*" 
f"N20P2(DAP)S2 ^^^ S^^ p^j^ j^ o^ + FN20P2S2 "^^^^ ^^"^1 in their effect on bulb 
yield of garlic and surpassed the other treatments in this respect. The effect 
of these treatments was followed by that of SJ^ ^QPJ^ J^ ^Q + FN20P2(DAP) which 
showed parity with that of S^ ^^ opj^ Kto + FN20P2 Treatment SN7OP,6K6O + 
N^20P2(DAP)S2(ssP) 8^^^ 28.1% higher bulb yield than the control (Table 104). 
4.4.2.4.6 Harvest index 
As noted above, treatments showed non-significant effect on 
harvest index of garlic (Table 104). 
4.4.3 Experiment 13 
This experiment was carried out on the leek crop according to a 
simple randomised block design. The crop was treated with six combinations 
of soil and foliar nutrients, with foliar treatments having three sources of 
Table 104. Effect of six combinations of soil-applied and leaf-applied 
nitrogen, phosphorus, potassium and sulphur, containing three sources of 
phosphorus and two of sulphur in the spray, on yield characteristics of 
garlic at harvest 
Treatments 100-clove Bulb yield Harvest 
(kg/ha) weight (g) (t/ha) index 
'^N90P18K60 ^W 
^N70P16K60"^ ^N20P2 
'^N70P16K60 '^N20P2(DAP) 
<s + F 
'^N70P16K60 ^N20P2S2 
^N70P16K60 "'' ^N20P2(DAP)S2 
^N70P16K60 "^  ^N20P2(DAP)S2(SSP) 
CD at 5% 
89.10 
91.13 
91.00 
92.56 
92.23 
92.40 
1.00 
11.33 
13.00 
13.33 
14.33 
14.35 
14.50 
0.99 
0.72 
0.74 
0.75 
0.75 
0.74 
0.75 
NS 
NS = non-significant 
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phosphorus and two of sulphur (Table 14). Broadly speaking, Sj^ jQQpjjKgo "^  
N^20P2(DAP)S2(SSP) Pfovcd bcst. The important results (Tables 105-108) are 
given below. 
4.4.3.1 Growth parameters 
The effect of treatments on growth characteristics studied at 120 d 
was significant. The data for each parameter (Tables 105 & 106) are 
summarised below. 
4.4.3.1.1 Shoot length per plant 
The effect of SNIOOP22K8O + FN2OP2(DAP)S2(SSP)' showing parity with 
that of the treatments that contained nutrients in their spray, was superior to 
that of Sj^ jooP22K8o "^  ^ w *^^  control. The former treatment enhanced shoot 
length by 6.4% over the control (Table 105). 
4.4.3.1.2 Leaf number per plant 
All five treatments which contained nutrients in their spray were at 
par in their effect and gave higher vlaues than the control. Treatment 
^NiooP22K80 "*" N^20P2{DAP)S2(SSP) pro^uced 9.5% more leaves than the control 
(Table 105). 
4.4.3.1.3 Leaf area index 
Treatments Sj^ jQQpjj^ go + FN20P2(DAP)S2(SSP)' ^NIO()P22K8U "^  ^N2OP2S2 
and S ,^(,op22K8o ^ ^N20P2(DAP)S2' ^^^^E at par in their effect, proved better 
than the other treatments. Sj^ jQQpjj^ gQ + FN20P2(DAP)S2(SSP) i^iproved leaf area 
index by 9.1% in comparison with the control (Table 105). 
4.4.3.1.4 Fresh weight per plant 
The effect of Sj^ jQQpjj^ go + ^N20P2(DAP)S2' ^NIOOP22K8O "^  
FN20P2(DAP)S2(SSP) ^^^ SN,OOP22K80 + f"N20P2S2'Was at par and superior to that of 
the other treatments. Treatment SN,OOP22K8O + FN20P2(DAP)S2(SSP) increased 
Table 105. Effect of six combinations of soil-applied and leaf-applied 
nitrogen, phosphorus, potassium and sulphur, containing three sources of 
phosphorus and two of sulphur in the spray, on shoot length, leaf number 
and leaf area index of leek at 120 d after transplanting 
Treatments 
(kg/ha) 
S + F 
'^ N120P24K80 ^W 
'^ N100P22K80 '^N20P2 
^N100P22K80"^ ^N20P2(DAP) 
S + F 
'^ N100P22K80 ^N20P2S2 
S + F 
'^ N100P22K80 ^N20P2(DAP)S2 
Shoot length 
(cm) per plant 
<s + F 
'^ N100P22K80 ^N20P2(DAP)S2(SSP) 
CD at 5% 
91.50 
94.66 
95.50 
97.00 
96.50 
97.33 
3.42 
Leaf number 
per plant 
9.33 
10.00 
9.99 
10.22 
10.11 
10.22 
0.45 
Leaf area 
index 
5.85 
6.15 
6.11 
6.36 
6.34 
6.38 
0.18 
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fresh weight by 19.1% compared with the control (Table 106). 
4.4.3.1.5 Dry weight per plant 
Treatments S^ ,()Qp22K.8o "•" ^N20P2(DAP)S2' ^NIOOP22K8O "^  
FN20P2(DAP)S2(SSP) ^^^ SNIOOP22K80 + FN20P2S2 showed parity in their effect and 
gave higher values than the other treatments. SjgjoQp22K8o "^  ^N20P2(DAP)S2(SSP) 
produced 14.1% more dry matter than the control (Table 106). 
4.4.3.2 Enzyme activity 
Effect of treatments on leaf carbonic anhydrase activity studied at 
120 d was significant. The important results (Table 106) are described 
below. 
4.4.3.2.1 Carbonic anhydrase activity 
Treatments S^JQQP22K8O "'" ^N20P2(DAP)S2' ^NIOOP22K80 "^  
N^20P2(DAP)S2(SSP) ^"^ ^NiooP22K8o ^ f^ N20P2S2 showcd equal effect on leaf 
carbonic anhydrase activity. These treatments exhibited higher values than 
the control. An increase of 45.8% over the control (Table 106) was 
registered on the application of SN,OOP22K8O + FN20P2(DAP)S2(SSP)-
4.4.3.3 Nitrogen, phosphorus, potassium and sulphur content of leaves 
A significant effect of treatments on the leaf nitrogen, potassium 
and sulphur content at 120 d was observed. The salient features of the data 
(Table 107) for each nutrient are given below. 
4.4.3.3.1 Nitrogen 
The five treatments with nutrients in the spray were at par in their 
effect and gave higher values than the control. Treatment SJ^ ,QQP22K8O "^  
^N20P2(DAP)S2(SSP) showed 13.5% more leaf nitrogen than the control 
(Table 107). 
Table 106. Effect of six combinations of soil-applied and leaf-applied 
nitrogen, phosphorus, potassium and sulphur, containing three sources of 
phosphorus and two of sulphur in the spray, on fresh weight, dry weight and 
leaf carbonic anhydrase activity of leek at 120 d after transplanting 
Treatments 
(kg/ha) 
'^N120P24K80 ^ ^W 
"^NlOOPllKSO ^N20P2 
<\ + F 
'^N100P22K80 *^N20P2(DAP) 
S + F 
'^N100P22K80 ^N20P2S2 
<\ + F 
'^N100P22K80 ^N20P2(DAP)S2 
Fresh weight 
(g) per plant 
<s + F 
'^N100P22K80 ^N20P2(DAP)S2(SSP) 
CD at 5% 
175.33 
193.00 
198.00 
206.00 
210.33 
208.83 
7.80 
Dry weight 
(g) per plant 
25.66 
26.93 
27.62 
28.91 
29.60 
29.29 
1.21 
Carbonic 
anhydrase activity 
(H mol COj/kg 
leaf fresh matter/s) 
142.00 
195.00 
194.00 
204.33 
209.00 
207.00 
7.42 
Table 107. Effect of six combinations of soil-applied and leaf-applied 
nitrogen, phosphorus, potassium and sulphur, containing three sources of 
phosphorus and two of sulphur in the spray, on leaf nitrogen, phosphorus, 
potassium and sulphur content (per cent of dry weight) of leek at 120 d after 
transplanting 
Treatments 
(kg/ha) 
^N120P24K80 "*" ^W 
^N100P22K80 "*" ^N20P2 
^N100P22K80 "^  ^N20P2(DAP) 
9 + F 
'^N100P22K80 ^N20P2S2 
'^N100P22K80 ^N20P2(DAP)S2 
^N100P22K80 "*" *^N20P2(DAP)S2(SSP) 
CD at 5% 
Nitrogen 
3.26 
3.63 
3.66 
3.70 
3.70 
3.70 
0.17 
Phosphorus 
0.44 
0.46 
0.46 
0.46 
0.45 
0.46 
NS 
Potassium 
3.90 
4.30 
4.20 
4.30 
4.30 
4.30 
0.26 
Sulphur 
0.38 
0.37 
0.37 
0.42 
0.41 
0.43 
0.02 
NS = non-significant 
131 
4.4.3.3.2 Phosphorus 
There was non-significant effect of treatments on leaf phosphorus 
content (Table 107). 
4.4.3.3.3 Potassium 
All treatments having nutrients in the spray proved at par in their 
effect on leaf potassium content and, better than the control. SJ^ JQQPJJKSO "'' 
N^20P2(DAP)S2(SSP) exhibited 10.3% higher value than the control (Table 107). 
4.4.3.3.4 Sulphur 
I h e e t t e c t OI i>NiooP22K80 "^  ^N20P2(DAP)S2(SSP) ' ^N100P22K80 "*" ^N20P2S2 
and Sj^ jQQp22K8o "^  ^N20P2(DAP)S2 ^^^ ^^  P '^^  ^^^ superior to that of the other 
treatments. S j^oopjjKso + FN20P2(DAP)S2CSSP) registered 13.2% higher value 
than the control (Table 107). 
4.4.3.4 Yield characteristics 
All yield parameters studied were affected significantly by the 
application of treatments. The data for each parameter (Table 108) are 
briefly described below. 
4.4.3.4.1 Shoot length per plant 
The effect of SN,OOP22K8O + FN2OP2(DAP)S2(SSP)' showing parity with 
that of treatments having nutrients in the spray, was better than that of the 
control. It increased shoot length by 8.5% in comparison with the control 
(Table 108). 
4.4.3.4.2 Pseudo-stem diameter 
The treatments containing nutrients in the spray showed equality in 
their effect and gave higher values than the control. Treatment SJ^ JQQPJJKSO "*" 
^N20P2(DAP)S2(SSP) improved pseudo-stem diameter by 21.3% over the control 
(Table 108). 
Table 108. Effect of six combinations of soil-applied and leaf-applied 
nitrogen, phosphorus, potassium and sulphur, containing three sources of 
phosphorus and two of sulphur in the spray, on yield characteristics of leek 
at harvest 
Treatments 
(kgAia) 
^N120P24K80 "^  *^ W 
'^N100P22K80 ^N20P2 
^N100P22K80 "^  '^N20P2(DAP) 
'^N100P22K80 ^N20P2S2 
^N100P22K80 "^  ^N20P2(DAP)S2 
^N100P22K80 "*" ^N20P2(DAP)S2(SSP) 
CD at 5% 
Shoot 
length(cm) 
per plant 
97.66 
102.66 
101.66 
105.33 
104.66 
106.00 
4.89 
Pseudo-
stem dia-
meter (cm) 
3.01 
3.53 
3.50 
3.60 
3.63 
3.65 
0.17 
Fresh 
weight(g) 
per plant 
218.16 
229.66 
227.50 
237.00 
241.50 
243.16 
6.35 
Total fresh 
matter yield 
(t/ha) 
81.00 
86.16 
87.16 
92.83 
93.11 
95.30 
5.15 
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4.4.3.4.3 Fresh weight per plant 
Treatments SJ^ JQQP22K8O "^  '^ N20P2(DAP)S2(SSP)' ^NIOOP22K8O "^  
f"N20P2(DAP)S2' ^^^ S j^QopjjKgo + F'N20P2S2' affccted average fresh weight of 
plants equally. The effect of treatments was better than that of the others. 
SNIOOP22K8O + FN20P2(DAP)S2(SSP) enhanced this parameter by 11.5% compared 
with the control (Table 108). 
4.4.3.4.4 Total fresh matter yield 
T h e e f r e c t o f S ^ J Q Q P 2 2 K 8 0 "^ ^N20P2(DAP)S2(SSP) ' ^ N 1 0 0 P 2 2 K 8 0 "^ 
fN20P2(DAP)S2 ^"^ S ,^oop22K8o + FN20P2S2 "^^ ^^^^^ matter production was at 
par and better than that of the other treatments. SJ ,^QQP22K8O "^  
N^20P2(DAP)S2(SSP) out-yiclded the control by 17.7% (Table 108). 
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CHAPTER 5 
DISCUSSION 
Growth and development of a green plant depend, under natural 
conditions, upon several factors, including ambient temperature, availability 
of water and essential mineral nutrients, carbon dioxide and oxygen supply, 
duration and intensity of sunlight, genetic constitution, growth stage of the 
plant and soil conditions. The rate of uptake of a particular nutrient and 
interactions among nutrients also influence the growth of the plant. 
Although the process of absorption and utilisation continues throughout the 
life span of a plant, the demand for the essential mineral nutrients varies 
with its age, reaching its zenith at the time of sink development, particularly 
with the advent of propagules. 
If a crop plant is not able to maintain proper supply of nutrients at 
this critical stage due to slowing down of the absorption process by roots or 
due to factors, such as antagonism between nutrients, decomposition, 
fixation, leaching and volatilisation reducing their availability, the crop may 
suffer irreparable damage leading to avoidable losses to the grower. Under 
such conditions, top-dressing or preferably foliar application of specific 
nutrients could be effective. 
Understanding the physiological basis of the growth process in 
general and the formation of storage organs in particular would be expected 
to help determine the relationship between the experimental crop plant and 
its environment. Modification of the cultural practices accordingly would, 
therefore, result in increased yields under the given conditions. 
The present study on three common alliums was undertaken 
precisely with this objective in mind. Particular emphasis was laid upon 
fertiliser economy without compromising on yield. The results of the five 
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field experiments on onion and four each on garlic and leek are discussed 
below in the light of earlier work done particularly in India. 
On going through the results of Experiments 1 (Tables 16-26), 4 
(Tables 37-49), 5 (Tables 50-53), 8 (Tables 63-76) and 11 (Tables 86-99) 
on onion. Experiments 2 (Tables 27-31), 6 (Tables 54-58), 9 (Tables 77-81) 
and 12 (Tables 100-104) on garlic and Experiments 3 (Tables 32-36), 7 
(Tables 59-62), 10 (Tables 82-85) and 13 (Tables 105-108) on leek, several 
noteworthy points shared by the three crops emerge. These are, therefore, 
discussed together in what follows, under relevant headings. 
5.1 Growth parameters 
The observed improvement in shoot length, leaf number and leaf 
area index on application of nitrogen, phosphorus and potassium in 
combination to the soil over the no-nutrient control in onion (Tables 
16-18), garlic (Table 27) and leek (Table 32) is on expected lines and 
corroborates the findings for onion of Agrawal el al. (1981) and for garlic 
of Das e/ al. (1985). Pal and Pandey (1986) and Kunwar and Pandey (1992). 
Soil is a complex system in which the quantity', structure and 
properties of various inorganic ions as well as organic matter constituting 
it, determine its supplying power for mineral nutrients. Cultivated soils may 
often become deficient in their nutrients (specially in nitrogen, phosphorus 
and potassium for which the demand is heavy) particularly due to continuous 
cropping as part of intensive farming. To maintain proper availability of 
nutrients in such depleted soils, it is absolutely essential to add adequate 
quantities of the required nutrients to the field before each crop is planted 
(Marschner, 1986: Miller and Donahue, 1990). No wonder then, that the 
addition of various combinations of nitrogen, phosphorus and potassium has 
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been noted to result in better growth performance of the three common 
alliums under consideration. 
As in other plants, the stimulatory effect of these nutrients on the 
growth parameters may be clearly understood on the basis of the roles 
played by these nutrients. It is well documented that nitrogen acts as a 
component of many metabolically important compounds, like amino acids, 
chlorophylls, coenzymes, enzymes, proteins, purines and pyrimidines. 
Similarly, phosphorus is a constituent of several biologically important 
compounds, such as coenzymes, nucleic acids, nucleosides, nucleotides, 
phospholipids, phosphoric acid and sugar phospholipids (Marschner, 1986). 
Admittedly, unlike nitrogen and phosphorus, potassium does not form a 
stable structural part of any molecule inside the plant cell. However, it is 
required for several important physiological amd biochemical processes, 
including adenine synthesis, glycolysis, osmoregulation (particularly of the 
stomatal apparatus), oxidative phosphorylation, peptide bond synthesis and 
translocation of solutes. It also acts as an activator for several enzymes, 
like fructokinase, pyruvic acid kinase and transacetylase (Webster, 1953, 
1956; Nason and McElroy, 1963; Evans and Sorger, 1966; Fischer and 
Hsiao, 1968; Lauchh and Pfliiger, 1978; Marschner, 1986; Webb and 
Mansfield, 1992). 
Thus, nitrogen, phosphorus and potassium are involved, directly or 
indirectly, in the production and enlargement of new cells, tissues and 
organs. These, in turn, are responsible for the observed increase in shoot 
length (Tables 16 for onion, 27 for garlic and 32 for leek) and leaf number 
(Tables 17 for onion, 27 for garlic and 32 for leek), the former leading to 
better exposure of leaves and the two together for harvesting larger 
quantities of solar energy by the plants. Naturally, the treated plants manifest 
larger leaf area index (Tables 18 for onion, 27 for garlic and 32 for leek). 
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Moreover, the observed maximum response of Nasik Red and 
White Globe varieties of onion treated with Sj^ ,2op24K9o ^^^ °^ Poona Red 
grown with the lower dose, i.e. S)^ gQp,gj^ Q^ in Experiment 1 (Tables 16-18), 
shows that the genetic potential of Nasik Red and White Globe with regard 
to these parameters is superior for the absorption and subsequent utilisation 
of these nutrients to that of Poona Red. However, the data of Experiment 2 
(Tables 27) reveal that the optimum requirement of soil-applied nutrients 
for garlic (SJ^ 9QPJ8K 6^O) *^  ^ ^^ ^ ^ ^ ^ ^^* ^^^ onion mentioned above as well as 
for leek (SJ^I2OP24K8O) ^^ noted in Experiment 3 (Table 32). These 
observations are understandable as Millikan (1961), among others, has 
noted that the varietal differences in the Teeding power' within species have 
been, in certain cases, found to be greater than differences between related 
species or genera. 
Further, it is gratifying to note that these data have been confirmed 
in subsequent trials conducted on the same varieties of onion, garlic and 
leek, during the next season though under slightly modified cultural 
practices, selecting a narrower range of soil-applied doses. Thus, Tables 37-
39 establish beyond doubt the superiority of SJ ,^2OP24K9O "^  ^ w ^°^ Nasik Red 
and White Globe and of Sj^ gQpjgj^ Q^ + F^ for Poona Red (Table 50) over 
other soil-applied doses. This is also applicable to garlic and leek for which 
Tables 54 and 59 confirm the superiority of Sj^ gopigKeo "*" ^w ^^^ ^NI20P24K80 
+ F ^ respectively over all other soil-applied combinations receiving spray 
of de-ionised water. 
The noteworthy ameliorating effect of soil plus foliar application, 
compared with soil alone, particularly of nitrogen and phosphorus together, 
on the growth parameters of Nasik Red and White Globe receiving a total 
amount of 120 kg N, 24 kg P and 90 kg K/ha (Tables 37-39) may be noted to 
be further confirmed in the next two trials (Tables 63-65 & 86-88). 
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Similarly, for onion variety Poona Red, garlic and leek, the combinations of 
soil and spray nutrients that are obviously better than the others are 80 kg N 
+ 16 kg P + 60 kg K/ha (Table 50), 90 kg N + 18 kg P + 60 kg K/ha (Table 
54) and 120 kg N + 24 kg P + 80 kg K/ha (Table 59) respectively. The data 
of Experiments 9 and 12 on garlic (Tables 77 & 100) and Experiments 10 
and 13 on leek (Tables 82 & 105) again confirm this, although Poona Red 
was abandoned after Experiment 5 for reasons given elsewhere (p. 54). 
The explanation for these spectacular findings has already appeared 
elsewhere (p. 3) in a veiled manner. It may be recalled that considerable 
quantities of soil-applied nutrients would have been rendered unavailable to 
the crops as they grew. The supply of the required nutrients to the foliage 
(the site of their metabolism) would more than compensate the "hidden 
hunger" of the growing crops for nitrogen and phosphorus. 
Admittedly, similar results have been obtained by the colleagues 
of the present author and a few other workers employing crops other than 
the alliimis and have been reviewed from time to time (Wittwer and Teubner, 
1959; Wittwer and Bukovac, 1969; Afridi and Wasiuddin, 1979; Kannan, 
1990; Khan, 1993; Siddiqui, 1999). 
The growth enhancing effect of spray sulphur observed in 
Experiments 8, 9 and 10 (confirmed in Experiments 11, 12 and 13) in the 
three alliums (Tables 63-65 & 86-88 for onion, 77 «& 100 for garlic and 82 
& 105 for leek) could be explained on the basis of its involvement in several 
physiological processes. Sulphur acts as a constituent of several 
metabolically active plant constituents, including adenosine-5-
phosphosulphate, allyl-propyl disulphide, biotin, coenzyme A, cysteine, 
cystine, enzymes, lipoic acid, methionine, 3-phosphoadenosine-5-
phosphosulphate, proteins, sulphydryl (-SH) group containing compounds, 
thiamine and thiamine pyrophosphate (Nason and McElroy, 1963). Talyzin 
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et al. (1988) have identified 44 sulphur-containing compounds in onion. 
Sulphur also helps in chlorophyll formation (Pirson, 1955) and stimulates 
root growth (Gilbert, 1951). 
Thus, being an important essential nutrient, sulphur is directly or 
indirectly involved in the growth of alliums, like other crops, through the 
production of metabolites. These, in turn, promote formation and 
enlargement of new cells in treated plants. Hence the enhanced vertical 
growth (Tables 63 & 86 for onion, 77 & 100 for garlic and 82 & 105 for 
leek), additional leaf formation (Tables 64 & 87 for onion, 77 & 100 for 
garlic and 82 & 105 for leek) and greater leaf area index (Tables 65 & 88 
for onion,77 & 100 for garlic and 82 & 105 for leek). 
Lastly, it may be mentioned that these data on the ameliorative 
effect of application of supplemental foliar nitrogen, phosphorus and 
sulphur broadly confirm the earlier findings of several workers on various 
crops other than the alliums. For example colleagues at Aligarh, including 
Naqvi et al. (1977) and Khan (1993) and elsewhere (Vir and Verma, 1979), 
working on the sulphur-rich oilseeds, have reported similar findings. As 
explained earlier (p. 137) for nitrogen and phosphorus, the ready availability 
of the sprayed sulphur at the site of their metabolism (foliage) ensures the 
fullest realisation of the genetic potential of the plants. 
As would be expected, increase in shoot length, leaf number and 
leaf area index (Tables 16-18, 37-39, 50, 63-65 & 86-88 for onion, 27, 54, 
77 & 100 for garlic and 32, 59, 82 & 105 for leek) contributed significantly 
in enhancing the capacity of the treated plants for biomass production. This 
is reflected in the observed increase in their fresh and dry weight (Tables 
19, 20, 40, 41, 51, 66, 67, 89 & 90 for onion, 28, 55, 78 & 101 for garlic 
and 33, 60, 83 & 106 for leek). This proposition is further confirmed by 
correlation studies highlighting a positive contribution of these growth 
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parameters towards fresh weight and dry weight accumulation (Tables 109, 
112, 113, 116 & 119 on onion, 110, 114, 117 & 120 on garlic and 111, 115, 
118 & 121 on leek). 
5.2 Enzyme activity 
The simplest explanation for the observed ameliorating effect of 
soil-applied combinations of nitrogen, phosphorus and potassium, over the 
no-nutrient control, on leaf carbonic anhydrase activity in onion (Table 21), 
garlic (Table 29) and leek (Table 34) could be the dependence of the 
synthesis of structural and catalytic proteins on these nutrients. Within 
limits, the increase in carbonic anhydrase activity would enhance the rate of 
assimilation of carbon dioxide : 
H^O + CO2 ^ ^ " " ^ ^ ^ H2CO3 ^ ^ H+ + HCO3-
That this has happened actually in the present study is reflected in 
the improvement in dry matter production of treated plants (Tables 20, 28 
and 33 for onion, garlic and leek respectively), precluding the chances of 
end product inhibition. The observed maximisation of enzyme activity in 
Nasik Red and White Globe grown with SJ^J20P24K90 ^^^ of Poona Red, with 
SN80P]6K60 (Table 21), of garhc receiving Sj^ o^pj^ j^ Q^ (Table 29) and of leek, 
Sj^ ,2QP24j^ go (Table 34) has been confirmed in the water-sprayed controls in 
later experiments (Tables 42 & 51 for onion, 55 for garlic and 60 for leek). 
The data of the remaining trials on soil plus foliar application of a 
total of 120 kg N, 24 kg P and 90 kg K/ha (particularly including spray 
nitrogen and phosphorus together) reveal that enzyme activity is enhanced 
over the soil-applied treatments in Nasik Red and White Globe (Tables 42, 
68 & 91). However, the best response of Poona Red has been noted with a 
total of 80 kg N, 16 kg P and 60 kg K/ha (Table 51). 
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In the case of garlic and leek also, a similar observation has been 
made in plants receiving a total of 90 kg N, 18 kg P and 60 kg K/ha (Tables 
55, 78 and 101) and of 120 kg N, 24 kg P and 80 kg K/ha (Tables 60, 83 & 
106) respectively. 
As mentioned earlier (p. 137), this could be the result of the ready 
availability of the sprayed nutrients at the site of their metabolism. 
Seemingly, the demand of the water-sprayed controls is not met fully from 
the soil, hence the lower activity of the enzyme. On the other hand, foliar 
fertilisation meets this deficfiency and mitigates the effects of this "hidden 
hunger". This results in the increased synthesis of the enzyme as well as 
other metabolites involved in photosynthesis which is reflected by the 
increased biomass of the treated plants (Tables 41 & 51 for onion, 55 for 
garlic and 60 for leek). 
The observed positive response to spray sulphur on the activity of 
carbonic anhydrase in the alliums selected for these trials, particularly in 
the company of nitrogen and phosphorus as is revealed by Tables 68 for 
onion, 78 for garlic and 83 for leek is also understandable as sulphur forms 
an integral part of all plant proteins and enzymes. These findings have also 
been confirmed in the next three experiments on onion, garlic and leek 
respectively (Tables 91, 101 and 106). It may be added that the available 
literature records improvement in the activities of a few other enzymes, 
including nitrogenase (DeBoer and Duke, 1982) and catalase (Kumar and 
Singh, 1994) albeit as a result of soil application of sulphur. Improvement 
in protein metabolism (Hewitt, 1963; Vimal, 1972; Marschner, 1986) and in 
utilisation of phosphorus (Chapman and Brown, 1941) and potassium 
(Kumar and Singh, 1994) due to sulphur nutrition might have resulted in the 
observed ameliorating effect on the activity' of carbonic anhydrase in the 
present study. 
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5.3 Nitrogen, phosphorus, potassium and sulphur content of leaves 
Compared with the no-nutrient controls, the ameliorating effect of 
soil-applied nutrient combinations on leaf nitrogen, phosphorus and 
potassium content of the three alliums is on expected lines. This is obvious 
from Tables 22-24 for onion, 30 for garlic and 35 for leek. It goes without 
saying that the controls for each crop (SJ^ QPOKO) ^^^^ *° ^'^P^ ^^^^ *^^ ^ ° ^ 
concentration of these macro-nutrients in the soil. On the other hand, the 
treated plants have access to their unhindered supply, ensuring continued 
absorption by roots followed by smooth translocation upwards. This results 
finally in adequate distribution throughout the tops. The present data broadly 
corroborate the findings of Patel and Vachhani (1994) on onion bulbs and of 
Kunwar and Pandey (1992) on garlic bulbs and tops. 
Like other parameters discussed above, a perusal of Tables 22-24 
shows that the leaf nitrogen, phosphorus and potassium content of onion 
varieties Nasik Red and White Globe are highest in treatments S^J2OP24K90 
and of Poona Red, Sj^ gQpjgj-^ Q. Similarly, the preference of garlic is for 
'^ N90Pi8K6o (Table 30) and leek, for S,^J20P24K80 (Table 35). These results are 
broadly confirmed by the data of the experiments that followed, if soil-
applied treatments supplemented with de-ionised water only are compared 
among themselves (Tables 43-45 & 52 for onion, 56 for garlic and 61 for 
leek). 
The enhancing effect of nitrogen and phosphorus applied through 
soil and foliage over soil application of these nutrients on leaf nitrogen, 
phosphorus and potassium content of Nasik Red and White Globe onion 
grown with a total of 120 kg N, 24 kg P and 90 kg K/ha (Tables 43-45) can 
be seen to be confirmed in later trials (Tables 69-71 & 92-94). So is the 
case with Poona Red, supplied with 80 kg N, 16 kg P and 60 kg K/ha (Table 
52), garlic with 90 kg N, 18 kg P and 60 kg K/ha (Table 56) and leek, with 
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120 kg N, 24 kg P and 80 kg K/ha (Table 61). Like Nasik Red and White 
Globe, the results with garlic and leek have been confirmed in subsequent 
experiments (Tables 79 & 102 for garlic and 84 & 107 for leek). 
These data broadly corroborate the findings of Thome (1955). 
Working in pot culture on sugar-beet, she notes that when plants are sprayed 
daily with nutrient solution supplying nitrogen, phosphorus and potassium, 
separately or in various combinations, all three nutrients are absorbed 
readily. She also observes a stimulatory effect of leaf-applied nitrogen on 
absorption of phosphorus and potassium from the soil. Thus, the enhanced 
availability of nitrogen and phosphorus to the leaf in the present trials, as a 
result of the application of supplemental foliar spray of these nutrients 
might explain their higher content in the leaf 
Regarding leaf sulphur content, it may be noted that the presence 
of this nutrient in the supplemental spray in Experiments 8 on onion, 9 on 
garlic and 10 on leek, enhances leaf sulphur content (Tables 72, 79 and 84 
respectively). This has been broadly confirmed in the later Experiments 11, 
12 and 13 (Tables 95, 102 and 107). Findings in a way similar to those 
discussed above have been published earlier. For example, although 
investigating the effect of soil-applied sulphur, Singh et al. (1996) reported 
an improvement in leaf sulphur content of onion and Singh et al. (1995), in 
bulb of garlic. 
A plausible explanation for the above observations could be that, 
on entering the mesophyll cells, the sprayed sulphur increases the rate of 
several processes, including protein metabolism (Hewitt, 1963; Vimal, 
1972; Marschner, 1986). This results in the increased production of 
sulphur-containing compounds in the leaves of the treated plants and is 
manifested on analysis in their higher sulphur content. 
143 
5.4 Yield characteristics 
The positive effect of soil-applied nutrient combinations, 
compared with the no-nutrient control, on yield parameters of the alliums 
(Tables 25 & 26 for onion, 31 for garlic and 36 for leek) corroborates the 
findings of Agarwal et al. (1981), Jayabharthi (1989) and Singh et al. (1997) 
on onion and of Das et al. (1985), Pal and Pandey (1986), Kunwar and 
Pandey (1992) and Verma et al (1996). 
Increase in the leaf area index (Tables 18, 27 and 32 on onion, 
garlic and leek respectively) seems to be primarily responsible for the 
observed parallel increase in various yield parameters. It is obvious that the 
larger leaf area index of the treated plants equips them better for harvesting 
radiant energy efficiently. Naturally, this enables them to produce larger 
quantities of photosynthates as is clearly borne out by the higher dry weight 
of the treated plants (Tables 20 for onion, 28 for garlic and 33 for leek). 
The cumulative effect of increased carbonic anhydrase activity (Tables 21 
for onion, 29 for garlic and 34 for leek) on the one hand and adequate leaf 
nitrogen, phosphorus and potassium content (Tables 22-24 for onion, 30 for 
garlic and 35 for leek) on the other, manifests itself in the positive response 
of various growth parameters to the application of nutrient combinations as 
is evident from Tables 16-20 (onion), 27 and 28 (garlic) and 32 and 33 
(leek). Thus, enhanced dry matter production by the treated plants (Tables 
20 for onion, 28 for garlic and 33 for leek) would be expected to have a 
positive effect on the yield parameters, particularly bulb yield. Of course, 
the latter depends upon the efficiency of the varieties to effect preferable 
partitioning of photosynthates into the sink. 
It may be noted that the yield attributing parameters in onion 
(Tables 25 «fe 26), garlic (Table 31) and leek (Table 36) respond 
satisfactorily to the application of nutrient combinations. This positive 
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cumulative response of the yield attributing parameters expectedly results 
in enhanced bulb yield of onion (Table 26), garlic (Table 31) and leek 
(Table 36). 
The final confirmation of these propositions is provided by 
correlation studies. Evidently, bulb yield is significantly and positively 
related throughout the duration of the three allium crops with most of the 
characteristics studied (Tables 109, 112, 113, 116 & 119 for onion; 110, 
114, 117 & 120 for garlic and 111, 115, 118 & 121 for leek). 
The observed maximisation of yield attributes in Nasik Red and 
White Globe grown with SJ^,20P24K90' ^" Poona Red, with Sj^ gQp,gj,^ Q (Tables 
25 & 26), in garlic, with Sj^ Q^p^ gj^ g^ (Table 31) and in leek, with SJ^J20P24K80 
(Table 36) can be noted to be confirmed by the data of the later trials on 
these crops (Experiments 4-7). This is evident from the data on soil-applied 
nutrient combination treatments receiving spray of de-ionised water only 
(controls) when compared among themselves (Tables 46-49 & 53 for onion, 
57 & 58 for garlic and 62 for leek). 
The data further show that split application of nitrogen and 
phosphorus (soil plus foliar) compared with soil application alone, elicits 
good response of yield attributes in Nasik Red and White Globe growTi with 
SNI20P24K90 (Tables 46-49), in Poona Red, with Sj^ gopi6K6o (Table 53), in 
garlic, with Sj^ Q^pjgj^ gQ (Tables 57 & 58) and in leek, with SJ^,20P24K80 (Table 
62). The higher efficacy of split application of nutrients is clearly seen to 
be confirmed in the subsequent experiments (Tables 73-76 & 96-99 for 
onion, 80, 81, 103 & 104 for garlic and 85 & 108 for leek). These results 
corroborate the findings of Mohammad et al. (1987), Khan (1993) and 
Siddiqui (1999) among others, although these refer to crops other than 
alliums. As discussed already under the heading of growth and other 
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parameters, here also it may be assumed that the supply of these essential 
macronutrients through supplemental foliar spray at the site of their 
metabohsm manifests itself in their observed higher efficacy in response to 
the enhanced demand of the sink. 
That addition of sulphur to the spray containing nitrogen and 
phosphorus boosts the yield parameters further in Nasik Red and White 
Globe (Tables 73-76), in garlic (Tables 80 & 81) and in leek (Table 85) is 
seen to be confirmed in the subsequent trials on onion (Tables 96-99), on 
garlic (Tables 103 & 104) and on leek (Table 108). 
It may be added that in the present study, a similar pattern of the 
effect of supplemental foliar application of nitrogen, phosphorus and 
sulphur on growth characters, leaf carbonic anhydrase and leaf nitrogen, 
phosphorus, potassium and sulphur content has been noted earlier 
(pp. 136-142). It is noteworthy that these are significantly and positively 
correlated with yield attributes, including bulb yield of the three alliums 
(Tables 109, 112, 113, 116 & 119 for onion; 110, 114, 117 & 120 for garlic 
and 111, 115, 118 & 121 for leek). Similar ameliorating effect of sulphur 
{albeit soil-applied) on bulb yield has been noted by Paterson (1979), 
Ahmed et al. (1988), Sachdev et al. (1991), Rajas et al. (1993), Kumar and 
Singh (1995) and Singh et al. (1996) in the case of onion and by Singh et al. 
(1995) for garlic. 
S.S Sources of leaf-applied phosphorus and sulphur 
Having repeatedly verified that the physiomorphological basis of 
the results of the ten trials discussed so far is almost the same for each of 
the selected alliums, let us now consider the data of the remaining three 
trials - one each on onion, garlic and leek - planned for comparison of the 
efficacy of various sources of spray phosphorus and sulphur (Tables 86-99 
for onion, 100-104 for garlic and 105-108 for leek). 
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With regard to the effect on the parameters of Nasik Red and White 
Globe, it may be stated that in general, the effect of sodium dihydrogen 
orthophosphate in the spray applied as treatment Sj^ ,QQp22]^ 9o + FN20P2 ^^^ ^^ 
par with that of the sprayed diammonium phosphate included in treatment 
^NiooP22K90 "*" ^ N20P2(DAP) Similarly, it is noteworthy that the effect of the 
spray of sodium dihydrogen orthophosphate plus sodium sulphate in 
treatment Sj^ jQQp22i^ 90 + Ff^ 20P2S2 ^^  almost at par with that of treatment 
^NiooP22K90 •*" ^N20P2(DAP)S2 °" *^^ °"^ ^^"^ ^"^ Single Superphosphate, the 
mixed source of spray phosphorus and sulphur (the latter as an impurity), in 
treatment S ,^oop22K9o + FN20P2(DAP)S2(sspy »" the other (Tables 86-99). 
Likewise, Tables 100-104 for garlic reveal an almost equal effect 
01 (l) Sj^ 7opjgj^ 6Q + Fj^ 20P2 ^"" SN70P16K60 "^  ^N20P2(DAP) ^"" ("^ ^N70P16K60 "*" 
^N20P2S2' ^N70P16K60 "^  f^ N20P2(DAP)S2 ^ " " ^N70P]6K60 "^  ^N20P2(DAP)S2(SSP) ° " 
various parameters. 
In leek also, all parameters studied are generally seen to be equally 
affected by S ,^Qop22K8o "^  ^N20P2 ^"^ SNIOOP22K8O ^ ^N20P2(DAP) ^^ ^^^' ^^ ^y 
SN100P22K80 "^  ^N20P2S2' SN100P22K80 "^  ^N20P2(DAP)S2 ^^^ SN100P22K80 "^  
^N20P2(DAP)S2(SSP) ^^ revealed by Tables 105-108. 
These results clearly imply that the three sources of phosphorus in 
the applied spray are equally efficacious as are also the two sources of 
sulphur with regard to growth and yield of onion, garlic and leek. The 
technique of supplemental foliar spray after the application of a sub-optimal 
dose to the soil has thus proved superior to the conventional soil application 
of nutrients. It may also be added that supplemental foliar application is not 
only highly efficacious but also cost-effective as the small quantities of the 
sprayed nutrients get a "free-ride" with the chemicals employed in the 
control of diseases as has been communicated earlier to Wittwer and 
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Teubner (1959) by Sanford et al. in a personal communication and 
confirmed repeatedly by other workers, including those at Aligarh. 
It may be emphasised that, as all three sources of phosphorus and 
both of sulphur have equal effect, the least expensive source, i.e. single 
superphosphate, commends itself to be employed for foliar application to 
ensure satisfactory growth and productivity of each of the three alliums. 
Incidently, the Indian farmer is familiar this phosphatic fertiliser and 
routinely uses it for soil application. 
It is highly satisfying to record that the results of the thirteen field 
trials undertaken above clearly show that the three hypotheses forming the 
basis of the endeavour under discussion (pp. 3-4) stand confirmed. 
In the end, the present author wishes to claim, with all the modesty 
at his command, that he has been able to enrich the scientific literature on 
the common alliums by contributing the following new findings : 
(i) The comparative response of three varieties of onion and of one each 
of garlic and leek to soil-applied nitrogen, phosphorus and potassium 
has been studied under the agroclimate of western Uttar Pradesh 
(India). 
(ii) The requirement of the selected crops for soil-applied nitrogen, 
phosphorus and potassium has been found to be as under : 
(a) Nasik Red onion - 120 kg N + 24 kg P + 90 kg K/ha 
(b) White Globe onion - 120 kg N + 24 kg P + 90 kg K/ha 
(c) Poona Red onion - 80 kg N + 16 kg P + 60 kg K/ha 
(d) White garlic - 90 kg N + 18 kg P + 60 kg K/ha 
(e) Suttons Prizetaker leek - 120 kg N + 24 kg P + 80 kg K/ha 
(iii) The application of nitrogen and phosphorus through soil plus foliage 
has been noted to be more efficacious than the same quantity applied 
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through soil alone for growth parameters, enzyme activity, leaf 
nitrogen, phosphorus and potassium content and yield characteristics 
of onion, garlic and leek. 
(iv) The inclusion of only 2 kg sulphur per hectare in the supplemental 
spray containing 20 kg nitrogen plus 2 kg phosphorus per hectare has 
proved more beneficial for the various parameters mentioned in (iii) 
above. 
(v) Considering the cost-benefit ratio, spray of the least expensive 
commercial grade single superphosphate together with nitrogen, 
obviously commends itself for adoption since it has been noted to be 
as efficacious as the other conventionally employed laboratory grade 
sources of phosphorus and sulphur. 
CHAPTER 6 
SUMMARY 
CHAPTER 6 
SUMMARY 
The present thesis, entitled "Mineral Nutrition of Common 
Alliums - A Physiomorphological Study", comprises six chapters. 
In Chapter 1, the importance of the problem has been discussed 
briefly, justifying the basis for undertaking the present work. 
In Chapter 2, relevant recent researches undertaken in India have 
been reviewed. 
In Chapter 3 are included : (i) meteorological and edaphic data 
pertaining to Aligarh and (ii) details of the materials and methods employed 
for the 13 field experiments conducted. 
In Chapter 4 are given the data regarding the response of the 
selected alliums, namely y4///«/M cepa L. (onion), Allium sativum L. (garlic) 
and Allium porrum L. (leek) in terms of growth parameters, carbonic 
anhydrase activity, leaf N, P, K and S content and yield characteristics. Most 
results were found significant at P < 0.05. The results of each experiment 
are summarised below. 
Experiments 1,2 and 3, conducted simultaneously on the selected 
alliums during the winter of 1994-1995, were of an exploratory nature. The 
relative efficacy of various combinations of soil-applied N (urea), P 
(diammonium phosphate) and K (muriate of potash) was tested to select the 
best combination of NPK for each crop. 
Experiment 1 was a factorial randomised block design field trial 
on three onion varieties (Nasik Red, Poona Red and White Globe). Five 
combinations of nutrients (kg/ha), viz. (i) SJ^ QPQJ^ Q, (ii) S^ Q^pgj^ jQ, (iii) 
SN80PI6K60' (iv) SN,2OP24K9O ^nd (v) SN,6OP32K,20' ^crc applied to the soil. Of 
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these, Sj^ ]2op24K9o Proved best for Nasik Red and White Globe and 
SN8OPI6K60' for Poona Red. 
The simple randomised block design Experiments 2 and 3 were 
carried out on white garlic and Suttons Prizetaker leek respectively. Six 
soil-applied nutrient combinations, i.e. (i) SJ^ QPQJ.Q, (ii) Sj^ jQp j^^ g, (iii) 
^N60P12K40' (* V SN90P18K60' ( V ^N120P24K80 ^^^ ('^O ^N150P30K100' ^ ^ ^ ^ applied 
to each crop. The data revealed that garlic responded best to S^ Q^p^ gj^ Q^ and 
leek, to Sjq,2op24K80-
Experiments 4, 5, 6 and 7 were carried out concurrently on the 
alliums during the winter of 1995-96 (i) to confirm the results of the 
previous year and (ii) to test if yields could be boosted by exploiting the 
technique of foliar feeding. To attain aim (i), a slight variation was made in 
the soil-applied NPK regime of Experiments 1,2, and 3, narrowing down the 
range of the applied nutrients. For aim (ii), split (soil + foliar) application 
of N and P was adopted. Thus, for applying the supplemental foliar (F) spray 
(applied in two equal splits), at the rate of 20 kg N (urea), designated as 
Fj^ 2() and/or 2 kg ?fha. (Fpj), as sodium dihydrogen orthophosphate, the 
quantity of N and P applied to the soil was pre-adjusted accordingly. 
The factorial randomised block design Experiment 4 was conducted 
on Nasik Red and White Globe onion. These had shown better interactive 
performance in Experiment 1, particularly with treatment SJ^,20P24K90 which 
was retained. In addition, two new combinations were added, one being 
SNIOOP20K75 (i" between the best and S^ g^opi^ Keo) and the other, S j^^ QpjgKios' 
in between the best and Sj^ jgQp32j^ ,2o of Experiment 1. Each of these was 
sprayed with N and/or P, with spray of de-ionised water providing the 
requisite controls. There were thus 12 treatments as under : 
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( ' ) S N I O O P 2 0 K 7 5 "^  ^W (Control 1), ( i i ) S^jg^pjoKTS "^  ^mO' ( " ' ) 
^NI00P18K75 "^  *^P2' ^^^> ^N80P18K75 "'' *^N20P2' W ^N120P24K90 ^ ^W (Control 2), 
(Vl) Sj^]oop24K90 •'" ^N20' ("^") ^N120P22K90 "^  ^ P 2 ' ( ^ " 0 ^N100P22K90 "*" ^N20P2' 
( i x ) Sj4,4Qp28Kjo5 + F w (Control 3), (x ) Sj^j2op28K105 "*" ^N20' ( ' ' ' ) ^N140P26K105 •*" 
Fp2 a n d (Xll) S)^,2op26K105 "*" ^N20P2-
Comparison of the data for the three water-sprayed controls 
confirmed the results of Experiment 1, whereas SJ^ ,QQP22K9O ''' f^ N20P2 pro^^d 
the best treatment. Nasik Red again performed better than White Globe. 
Experiments 5,6 and 7 were performed on Poona Red onion, white 
garlic and Suttons Prizetaker leek respectively according to a simple 
randomised block design simultaneously with Experiment 4 (1995-
96).Three combinations of NPK (SN,OPI2K45' SN80PI6K60 and SN,OOP2OK75 for 
Poona Red; Sj^ j^pjjj^ jQ, Sj^ ciQpjgj^ Q^ and Sj^ ,Q5p2i^ 7o for garlic and Sj^ jQ5p2,j^ 7o, 
^Ni20P24K8o ^"^ '^ Ni35P27K90 ^^ ^ ^^^^) ^^^^ applied to the soil on the basis of 
the data of Experiments 1-3. When water was sprayed, they provided three 
controls. When N and/or P were sprayed, the quantity applied was adjusted 
in the soil-applied N and/or P as in Experiment 4. Thus, there were 12 (soil 
+ foliar) treatments for each crop. The controls confirmed the data of the 
previous year. Treatment Sj^ Q^pj^ j^ Q^ + F 2^0P2 Proved best for Poona Red, 
^N70Pi6K6o "^  *^ N20P2' ^^r garlic and SJ^ ,QQP22K8O "*" ^N2OP2' fo^ ^^^ •^ 
Experiments 8, 9 and 10 were undertaken during the winter of 
1996-97 on the same alliums, however Poona Red onion was discarded 
from the trials for economic considerations. The aim was (i) to confirm the 
main results of the preceding year and (ii) to test if their performance could 
be improved further by including a small quantity (2 kg/ha) of S (sodium 
sulphate) in the spray containing N and/or P, as these are sulphur-rich crops. 
The best soil-applied doses of NPK (Experiments 4-7) were sprayed with 
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de-ionised water and formed the controls. Combinations of S^ p^p, and F^ 
and/or Fp and/or Fg completed the 12 treatments. 
The factorial randomised block design Experiment 8 was conducted 
on Nasik Red and White Globe onion. The best soil-applied dose 
('^ Ni20P24K9o) ^^^ applied on the basis of the data of Experiment 4 but the 
number of treatments was reduced to eight: 
0 ) SNI20P24K90 + ^W (Control), (ii) Sjj,oop24K9o + F N 2 0 ' ( " 0 
^N120P22K90 ''" Fp2' V^v) Sj^j2op24K90 "*" ^82 ' W ^N100P22K90 ''" F N 2 0 P 2 ' (^^) 
^N100P24K90 "^  ' ^ N 2 0 S 2 ' V ^ " ) ^ N 1 2 0 P 2 2 K 9 0 "^  Fp2S2 ^ " ^ ( v i i i ) SJ^ ,QQP22K90 "*" 
F 
'• N20P2S2-
The data confirmed the results of the preceding year. Treatment 
^NIOOP22K90 "^  FN20P2S2 ^^^ Nasik Red onion proved best singly as well as in 
combination. 
The simple randomised block design Experiments 9 and 10 were 
performed on white garlic and Suttons Prizetaker leek respectively. The 
already confirmed best doses, viz. Sj^ 5Qp,gj.go for garlic and SJ^,2OP24K8O ^ ^^ 
leek were applied to the soil and sprayed with water for controls. For the 7 
split (soil + foliar) applications, adjustments were made as in Experiment 8. 
The data of the preceding year were confirmed. Treatment Sj^ p^pj^ j^ ^Q + 
FN20P2S2 proved best for garlic and Si^ ,oop22K8o + FN20P2S2' ^^r leek. 
Experiments 11, 12 and 13 were carried out on the selected alliums 
during the winter of 1997-98 with the twin aim : (i) to confirm the results 
of the last year and (ii) to compare the efficacy of the laboratory grade 
sources of leaf-applied P (Experiments 4-10) and S (Experiments 8-10) with 
two less expensive commercial grade sources of P and one of S to test if 
the already established cost-effectiveness of the technique could be 
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improved further for these trials, the best combinations of soil-apphed N 
and P and spray N, P and S established in Experiments 8, 9 and 10 were 
selected for each crop. Spray of de-ionised water formed the control. By 
manipulating the source and quantity of these nutrients applied to the soil 
and foliage, the total quantity received by the control and each of the 
treatments was kept at the optimum levels mentioned above. The inexpensive 
source of both P and S together was the commercial grade single 
superphosphate (SSP) while the source of phosphorus was commercial 
grade diammonium phosphate (DAP). The conventional sources of P and S 
used for research on foliar feeding world-wide as well as in our own 
laboratory are, of course laboratory grade sodium dihydrogen 
orthophosphate for P and sodium sulphate for S and these were retained for 
comparison of efficacy and cost. 
Experiment 11 was undertaken on Nasik Red and White Globe 
onion according to a factorial randomised block design. The two most 
efficacious combinations (S^IOOPIIKTO + ^mopi ^nd Sj^ ,oop22K9o + FN20P2S2) 
emerging in Experiments 4 and 8 were selected for this trial. There were in 
total six treatment as under : 
(*) ^N120P24K90 "^  ^W (Control), ( l l ) Sf^,Q(,p22K90 "^  ^N20P2' ( " ' ) 
^N100P22K.90 "*" ^N20P2(DAP)' (*^) ^N100P22K90 '*' '^N20P2S2' ^^^ ^N100P22K90 "^  
^N20P2(DAP)S2 ^ ^ ^ ^^^^ ^N100P22K9() "*" ^N20P2(DAP)S2(SSP)-
The results of this experiment confirmed the findings of 
Experiments 4 and 8. Treatment Sj^ ,oop22K9o + F^ 2op2tDAP)S2(SSP) Proved best 
on the basis of cost-benefit ratio. Nasik Red again emerged as the more 
efficient variety and interacted best with the above combination of nutrients. 
The Experiments 12 and 13 were performed on white garlic and 
Suttons Prizetaker leek respectively according to a simple randomised block 
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design. The three treatments of Experiment 9, viz. Sjg^ Qp,gp.^ Q + F^, 
SN7OPI6K60 + FN20P2 2"^ Sj^ ^^ pj^ j^ o^ + FN20P2S2' "^^^^ retained for garlic and of 
E x p e r i m e n t 10 (Sjgj20P24K80 "^  ^ W ^ N 1 0 0 P 2 2 K 8 0 "^  ^ N 2 0 P 2 * " " ^ N 1 0 0 P 2 2 K 8 0 "*" 
^N20P2S2' ^^^ \ee^ Of course, the soruces of P and S had to be changed as in 
Experiment 11. The data of these experiments confirmed the findings of the 
preceding years on these two crops. Treatments Sj^ o^pj^ jr^ Q + 
^N20P2(i)AP)S2(SSP) ^"^ N^iooP22K80 "^  N^20P2(DAP)S2(SSP) P^oved oest for garlic 
and leek respectively on the basis of cost-benefit ratio. 
In Chapter 5, the main results have been discussed in the light of 
the findings of earlier researchers, particularly those from India. The 
additions to the literature on the mineral nutrition of the common alliums 
emerging from the present thesis have been highlighted. 
The present Chapter 6 is followed by an up-to-date bibliography of 
a\ ailable literature cited in the text and one appendix containing photocopies 
of research papers already published by the present author on mineral 
nutrition of crops other than the alliums, including mustard and linseed as 
required by the Academic Ordinances of the Aligarh Muslim University, 
Aligaih (India) governing the award of the degree of D.Sc. 
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ABSTRACT 
Data the effect of five levels of basal phosphorus (0, 50,100, 150 and 200 kg P205/ha) on the yield 
of linseed ( Linum usitatissimum Linn.) var. LIK 745 reveal that basal phosphorus increased all 
yield characteristics significantly. Whereas 150 kg P205/ha proved optimum for the number of 
capsules (149.46)/plant and seed yield (14.85 q/ha), 200 kg P2^5/ha was required for maximum 
number (8 6) and weight of seeds (98.00 mg)/capsule. 
INTRODUCTION 
Linseed is one of the important oilseed 
crops of India. There is also scope of utilizing 
it for line fibre. Our country is one of the main 
producers of linseed but the production could 
be improved considerably by modern techni-
ques. Attempts have been made to do so by 
working out the optimum nutrient doses but 
with variable results in case of phosphorus 
(KHAN et al., 1963; DALAL & GILL, 1966; 
SAXENA & SiNHA, 1966; PRASHAR er a/., 1968; 
SINGH & SINGH, 1978). It was therefore, 
decided to conduct a field trial at Aligarh 
Muslim University, Aligarh diu-ing the winter 
of 1979-80 applying various levels of phos-
phorus to resolve the controversy. 
MATERIAL & METHODS 
Five levels of basal phosphorus ( 0, 50,100,150 
and 200 kg PgOa/lia ) were applied, as superphos-
phate, to 10 sq m plots. In addition, nitrogen and 
potassium at the rate of 100 kg N/ha and 25 KjO/ha, 
in the form of urea and muriate of potash respec-
tively were applied uniformly in all the plots The 
physico-chemical analysis of the surface soil revealed 
sand 53.4%; silt 38%; clay 8.60%; pH (1:2) 8.2; E,C. 
(m mhos/cm) 0.35; organic carbon 0.42%, available 
phosphorus (kg K/ha) 76.16; available potassium 
(kg K/ha) 985.60 and calcium carbonate low. The 
design of the experiment was simipe randomized with 
three replications. Thus there were five treatments 
and fifteeen plots in all. Seeds of linseed (Linum 
usitaiissimum Linn.) var. LIK 745, obtained from 
LA.R.I. Regional Station, Kanpurwere sown at the 
rate of 10 kg/ha on 1st December, 1979 in rows 20 cm 
apart. Harvesting was done on 20ih April, 1980. 
The pUnts recieved five irrigations and three weedings 
between sowing and harvesting. At harvest, random 
samples, consisting of five plants, were collected 
for number of capsules/plant, number of seeds/cap-
sule and seed weight/capsule. Seed yield/plot was 
also noted and computed to obtain total yield/ha. 
RESULTS & DISCUSSION 
Data in Table 1 reveal that application of 
phosphorus benefited all the yield characteristics 
studied including seed yield. It is in confor-
mity with the well established requirements of 
this essential nutrient for the growth of the 
plants in general and for reproductive growth 
in particular. It also confirms the earlier find-
ings of SAXENA & SINHA, 1966; PRASHAR et al., 
1968, & SINGH & SINGH, 1978 on linseed and 
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Table 1 : Effect of varying levels of basal phosphorus on yield characteristics of linseed 
( Linum usitatissimum Linn.) var. LIK 745, Data are average of three replicates. 
Treatments kg PaOs/ha C D . at 5% 
Yield characteristics 0 50 100 150 200 
No. of capsules/plant 50.46 
No. of seeds/capsule 6.13 
Weight of seeds/capsule (mg) 85.00 
Total seed yield (q/ha) 7.85 
99.33 
6.66 
89.00 
11.60 
109.86 
7.40 
90.00 
12.51 
149.46 
7.73 
94,00 
14.85 
119.46 
8.60 
98.00 
13.71 
6.052* 
0.229* 
3.00* 
0.653* 
* Significant at 5% level. 
seems to be a reasonable result- Among the 
doses applied, 150 kg P205/ha enhanced num-
ber of capsules/plant and total seed yield, 
whereas 200 kg P205/ha increased the number 
and weight of seeds/capsule. However, on 
economic considerations, it may be concluded 
that 150 kg PaOs/ha may be applied as the 
optimum dose for linseed cultivation under 
local conditions. 
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COMPARATIVE EFFECT OF TWO LEVELS OF BASAL N AND 
P SUPPLEMENTED WITH FOLIAR SPRAY ON YIELD AND 
QUALITY OF SIX MUSTARD VARIETIES 
SAMIULLAH, F. MOHAMMAD AND M. M. R. K. AFRIDI 
Botany Department, Aligarh Muslim University, Aligarh-202 001. 
Abstract 
l a a split-plot field experiment, the comparat ive yield and quality response of 
s ix must&rd Bijistra juncea L.Cxern. &Coss.^ var ie t ies (Appressed Mutant, R. 75-2, 
RL-18, T-11, T-16 and Varunay to two levels of basal N a n d P (40 kg N + 20 l < g P , 0 , 
and 60 kg N + 40 kg PjOj/ha) with ua^for.-n K 40 k g K^O/ha), supplemented with 
a uni form spray dose of 20 kg N -i- 8 kg "".O, • 2 kg S/ha, w a s studied. Of the t w o 
basa l doses , N,„P4„ produced more pods'plant and seeds/pod, resulting in higher 
seed and oil yields inspite of lower oil percentage. This dose also proved good for 
iodine value but not for saponification value of oil whereas hecto-litre weight and 
acid v a l u e were at par at both levels- Amoiig variet ies , Varuna responded best and 
gave m a x i m u m yield, piesumably because of highest values of almost all yield 
p a r a m e t e r s . 
K F Y woFDs : Basal fertilistr; Brassica juncea: Foliar jKPa; Quality; Yield. 
Introduction 
It is well knrwn tliat crop productivity is influenced by balanced manuring as 
veil as other management practices, inc'udirg the method of fertiliser application. 
Among these, split application of nitrogenous fertilistr through basal and top dressing 
is recommended for many crops. Recent experience has established the superiority 
of the efficacy of foliar spray of nutrients over their application by top dressing in these 
crops (Barat and Das, 1962; Afridi and Samiullah, 1973; Mohammad, unpublished). 
1 he synchronisation of the most responsive growth stage's) for nutrient spray with peak 
pest infection in some of these crops addi to the economy of application as most insecti-
cides are compatible with tlie applied nutrients (Afridi and Wasiuddin, 1979). The 
spray of nitrogenous compounds on fruit trees and crop plants has become a universally 
accepted practice smce the middle of the present century (Baver, 1951; Uoynlon, l954; 
Witiwcr and Teubner, 1959; Wittwer and Bukovac, 1969; Anonymous, 1971; Dc, 
1971). Its e '^iicacy has encouraged farmers to use even aircraft for large-scale operations 
(Humbert and Hanson, 1952; Baver, 1963}. More rccetitly, extrusive studies under-
taken at Aligarh have established the beneficial effect of phosphorus, sprayed at 
appropriate growth stages, on the productivity of cereals, oilseeds, pulses and vegetables 
(Afridi and Samiullah, 1973; Naqvi et al, 1977; Afridi et al., 1978a, b , d ) . The 
combined spray of nitrogen and phosphorus augments crop productivity further 
(Afridi etol., 1978c; Inam, 1978; Afridi and Wasiuddin, 1979; Abbas, 1980; 
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Akhtar et al, 1983). In mustard, known for its high sulphur requirement, addition 
of this nutrient has given still better results (Parvaiz, 1980; Parvaiz el at., 1982; 
Afridi etal., 1983). 
It is, however, essentia! that the ideal combiiiation of ba^al and foliar doses of 
fertilisers should be worked out for c.ich variety of a crop as and when it is evolved and 
adopted for cultivation in a particular region to ensure maximum productivity. Keep-
ing this in view, a field experiment was conducted to compare the response of six high 
yielding mustard \arieiic5 selected on the basis of their earlier performanrc (Mohammad 
and Afridi, 1982) (o two levels of basal nitrogen and p) o.sphorus supplemented with a 
uniform spray dose. 
Mater ia l and M e t h o d s 
The experiment was conducted according to split-plot design in sandy loam «oil 
(pH : 8.0; available N, P and K : 193, 22 and 816 kg h^., respectivtKO on six high 
yielding varieties of mustard {Brassica jiiinea L. Czrrn . & Coss.^, namely, Apprcssed 
Mutan t , R. 75-2, RL-18, T-1 i, T-lfj an-l Varuna {sub-plots\ There were two rr.ain 
plots, one supplied with 40 kg N -f- 20 kg PjOj {X^QPOO' and the other, with 60 kc; 
N + 40 kg PjOj/ha (NeoP4o)- -^ uniform ba<al do:e of 40 kg KjO/ha as well as a spray 
dose of 20 kg N -f 8 kg PjOj -I- 2 kg S ha .N'soPs^s) ^^ "^ s apphed to both main plots on 
the basis of SamiuUah el al ',1982), Mohammad rial (1983a) and Mohammad .un-
published). The nutrient solution was sprayed in two instalments, I'iz. half at 
seventy days (flowf-ring stage) and the remaining half .^ t ninety days (fruiting siaae) 
after sowing together with 'Dimecron 100 ' a t the rate of 250 ml/ha for ap'iid control 
(Naqvi et al., 1977; Parvai? et al., 1982). Each treatment was replicated thrice. 
T h e sources of soil-applied nitrogen, phosphorus and potassium were urea, 
calcium superphosphate and muriate of potash, respectively Leaf-applied nitrogen, 
phosphorus and sulphur were given as an aqueous solution of urea, sodium dihydrogen 
orthophosphafe and sodium sulphate, rfspectivrly. The size of each plot w a s l O s q m 
and seed rate was 10 kg'ha. The field was irrigated thrice between sowing and harvest-
ing. Weeding was done twice. Uniform thinning was done at fir^t weeding in al! the 
plots. 
At harvest, random sampling of five plants was done to count pod.</plant and 
seeds/pod. The entire plot was hai vested for seed yield. Oil was extracted by soxhlet 
apparatus , Uiing petroleum ether as solvent. Oil yield was computed on the basis of 
seed \ ield and oil percentage. Oil was assessed for its acid value, iodine valuf and 
saponificatioi> value using standard analytical metk.ods (Anonymous, 1970). 
R e s u l t s and Di scuss ion 
The effecis of maiii plots, varietal differci ce« as well as their interactions were 
found to he significant for most of the parameters studied (Fables 1, 2 and 3). 
T h e basal tr atment NJQPIO proved better for most of the yield characteris-
tics. This dose increased pods/plant by 50 4 % ; seeds/pod by 5 .2%; seed yield by 
32.8%, and oil yield by 29.1% over the respective values for N^oPjo but decreased the 
oil content by 1 % (Tables 1 and 2). Increasing the supply of nitrogen is known to 
increase cell number and cell size of leaves whereas, phosphorus enhances cell division 
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and could induce branching at vegetative as well as leproiiuctive stage? (Hewitt , 1963; 
Devlin. 1?81). Thus, the additional nitrogen and phosphorus in the NjoPjo dose would 
account for belter growth in general and increased pods/plant, seeds/pod a-id seed yield 
in particular, con'^rming earlier observations at Aligarh on mustard Naqvi , 1976; Naqvi 
et ai, 1977: Parvaiz, 1980; Samiullah el a/., 1982; Alridi el nl., 1983; Parvaiz el al, 1983; 
Mohammad «/rt/., l')S3a) A similar b-ncfirial effect of nitrogen app' icat ion on these 
attributes !ias been reported, among other*, by Majumdar and Sandhu (19P3), Allen 
and Morgan (1972), Bhan and Singh (1976), Singh el al. (1978), Miidholkar and 
Ahla«at (1979;, Paid el ol. (1980; and Vi.- and Verma (1981). O n the other hand , 
the lower oil | erceniage at the higher basil dose ofnitiogen and phosphoru'; coul I he a 
diluion-with-giowth efTect and has also been noted by Wankhedc € /A/ . (1970) and 
Table 1. Comparctiie effect of Ino levels of basal \ and P supplemented wil/i foliar spray on 
pods'p'ont, seeds'pod and liCclo-litre weight of six mustard variet'cs. 
\'arieties 
' s u b p l o t s ; 
App. Mut. 
R.7:)-2 
RL-IB 
T-U 
T-lti 
Varuiia 
Mean 
Nj(,rg, 
213.0 1 
25)1.0U 
234.00 
28.i.66 
28J.00 
278.00 
262.77 
Pods plant 
N-„P.„ 
303.00 
457.00 
422.00 
376.00 
394.00 
419.00 
39.T.16 
Mean 
273.00 
354.00 
328.00 
330 83 
339.50 
348.50 
Seed* pod 
Basal treatments 
N.,P„ 
11.40 
11.60 
12.06 
12.00 
!1.60 
12.00 
11.77 
\ ' P 
12,60 
12.33 
12.60 
12.20 
12.00 
12.60 
12.38 
.main plots) 
Mran 
12.00 
11.96 
12.33 
12.10 
11.80 
12.30 
Hecto 
N,, Pj„ 
68.60 
69.00 
08.00 
68.00 
68.60 
68.60 
68.46 
litre wei 
N.,P40 
68.80 
69.00 
68.20 
68 20 
t«.60 
68.80 
68.60 
5ht (kg) 
Mean 
68.70 
69.00 
68.10 
68.10 
68.60 
68.70 
N. B. A basal dose of 40 kc: K.O'ha as wcl! as spray dose of 20 kR N - 8 kg P„0 , - 2 kg S ha was 
applied uniformly lo both main plots. 
C D. at bVo C. D. a! 5% C. D. at 5% 
Main plot marginal means 17.411 0.172 N.S 
Sub-plot marginal means 14.539 0.255 0.782 
Main plot means at the same level 
of sub-plot 24.259 0.361 N S. 
Sub-plot means at the same level 
of main plot 20.562 0,300 N.S. 
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Holmes and Ainsley (1978). It is noteworthy, however, that this low oil content was 
more than compensated by the higher seed yield at NgoP4o and resulted in considerably 
enhanced oil yield. 
Among tht oil quality parameters it was noted that .icid value, that determine 
the keeping quality of oil, was at par at both fertiliser levels. Compared with N^Pjo, 
the higher dose 'N\oP4o) lowered the iodine value, that shows the extent of unsatuiated 
fatty acids, by 0.5% and saponification value, that provides the index for digestibility, 
by 0.8%. While the lowering of iodine value is desirable, that of saponification value 
brings down the quality of oil. However, in the present case the differences were 
negligible. 
Table 2. Comparathe effect of two lewis of basal X and P supplemented with foliar spray on seed 
yield [kg ha), oil peicentage and oilyield (kglha) of six mustard varieties. 
Varieties 
(sub-plot) 
Seed yield (kg'ha) Oil percentage Oil >itld (kg/ha) 
Basal treatments main (plots 1 
N.oP,. N'.,P4„ ^•ean XjoP,, N,.P,„ Mean N.^Pj, N,„P,„ Mean 
App. Mut. 
R. 75-2 
RL-IB 
T-11 
T-I6 
Varuna 
847.00 948.00 897.50 32 65 
786.06 1233.00 1009.83 33.36 
660.00 1225.00 912.50 35.01) 
goJ.O^t 1031.00 96">.50 35.00 
950.00 1080.00 1015.00 33.00 
915.00 1200.00 1057.50 33 30 
31.13 31.90 276.68 295.14 285.91 
33.06 33.21 262.47 407.70 335.09 
34.38 34.69 231.00 
33.3it 34.15 315.00 
32.15 
32 Ob 
32.57 
32.68 
421 19 326.09 
343.32 329.16 
313.50 347.22 330.36 
304.69 384.79 344.74 
Mean 843.11 1119.50 33.72 32.68 283.89 366.56 
N. B. A basal doie of 40 IvgKjOha d» well as spray dose of 20 kg N - 8 kg PjO, 2 kg S;ha was 
applied uniformly to both main plots. 
Main plot marginal means 
Sub-plot marginal means 
C D . at 5°o 
13.067 
35.100 
ain plot means at the same level 
of sub-plot 46.686 
Sub-plot means at the same level of 
main plot 49.639 
C. U. at 5"c 
I .(•04 
0.96J 
1.523 
1.3bl 
C. D. at 5% 
4.094 
17.093 
22.3'<6 
24.174 
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Out of the varieties tested, Varuna, followed by T-16 and R. 75-'2, showed better 
inherent response mechanism to the applied nutrients as was manifested by the highest 
values of almost all yield parameters (Table 1) which contributed cumulatively to their 
high seed yields (Table 2). Appressed Mutant proved the poorest seed and oil yielder 
(Table 2 S due to its lowest production of pods'plant and oil percentage, respectively 
(Tables 1 and 2). Compared with it, Varuna produced 17.K"o Tnore seeds and 20.6"'o 
more oil. Varieties R. 75-2, T-16 and T-11 were at par with Varuna in the yield of 
oil due to their high oil percentage Table 2). The superiority of Varuna among 
several varieties has also been noted at Aligarh in other studies (Parvaiz, 1980; 
Mohammad and Afridi, 1982; Mohammad et at., 1983b). It may be added that 
varietal diflerences for the three oil quality parameters did not present a clcai cut 
picture (Table 3). 
Considering ilic main plot means a- the same le\ el of sub-plot, all varieties were 
noted to pel form better at the higher basal dose .Fig. I, Table 2). Variety RL-18 
200 _ 
1000 _ 
\ 
O 
800 
600 
400 
200 i 
12; 
APft MUX R.75-2 RL-18 T-n 
VARIETIES 
T-16 VARUNA 
FIGURE I. COMPARATIVE RESPONSE OF SIX MUSTARD 
VARIETIES TO SPRAY OF NgQPeSz A""" TWO BASAL 
DOSES OF N AND P IN REUTION TO SEED AND OIL YIELD 
• SEED YIELD WITH f^^^y^ (BASAL) B OIL YIELD WITH N^Q Pgo (.BASAL") 
O SEED YIELD WITH Ngo P40CBASAL ) S OIL YIELD WITH N^o ^40 CBASAL) 
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exhibited more than 80% increase in seed as well as oil yield at NgoPjo over N^oPfo 
indicating its high nitrogen and phosphorus requirement. In variety R. 75-2, this 
increase was 56.7^0 and n5.3% and Varuna, 31.2''o and 26.3%, respectively. On the 
other hand, the extent of this increase in variety T-11 was 14.6% and 9% and in T 1 6 , 
13.7% and 10.8% only. This indicated theV lower requirement of basal nitrogen and 
phosphorus if these nutrients were applied later as supplemental spray. In this regard, 
Apprcssed Mutant, which also exhibited the same tendency presented a slightly 
Table 3. Comparative effect of two levels of basal \ and P supplemented with foliar spray on 
acid value, iodine lvalue and iaponificnii-n vahir of six mustard varieties. 
\'aricties 
• (sub-plots) 
App. Mut. 
R. 75-2 
RL-18 
T-11 
T-16 
\ 'aruna 
Mean 
N 1> 
3.10 
3.29 
2.80 
2.70 
2.69 
2.77 
2.89 
Acid value 
V P 
3.08 
3.07 
2.40 
2.70 
2.20 
2.41 
2.64 
.Mean 
3.09 
3.18 
2.60 
2.70 
2.44 
2.59 
Iodine value 
Bas.il treatment'; (main plots) 
N,nr. 
100.80 
100.98 
100.19 
98.05 
99.25 
93.32 
99.59 
^ O C * J f 
99.83 
100.80 
99.86 
98.18 
93.06 
97.83 
99.09 
Mean 
100 31 
100.89 
100.02 
98.11 
93.65 
98.07 
Sap( 
N.nP,,, 
176.52 
178.30 
177.66 
173.06 
175.40 
173.63 
175.76 
unification 
'^l!o")(l 
174.70 
176.00 
176.45 
173.06 
172.50 
173.10 
174.30 
value 
Mean 
175.61 
177.15 
177.05 
173.06 
173.95 
173.36 
N. B. A ba<:al dose ol 40 kg KjO'ha as well as spray dose of 20 kg \ + 8 kg PjO^ ^ 2 kg S ha was 
applied unifo; mly lo I oth main plots. 
C. D. at 5°<, *.'. D. at 5"„ G. D. at 5';„ 
Main plot marginal means N. S. 0.202 0.303 
Sub-plot marginal means 0 178 0.362 1.545 
Main plot means at the same 
level of sub-plot 0.380 .0.499 0.756 
Sub-plot means at the same 
level of main plot 0.252 0.512 0.771 
different case. Inspite of an increase o*" ! 1.9% in seed yield at NjoP^o over N^oPjo- i' 
showed no difference between the oil yields at the two levels. This discrepancy might 
be explained by considering the oil content of its seeds which, like T-i l , showed a 
significantly lower re.-.ponse at NajP4o. However, whereas T-11 more than compensated 
this drawback by its higher seed yield, Appressed Mutant failed to do so, indicating 
a diversion o( the carbon skeletons to form n.olecules other than those of oil at NgjPjQ in 
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the latter variety. Whereas acid and iodine values were at par in most of the varieties 
at both basal levels, four out of six varieties gave lower saponification value at NgoP4j 
(Table 3). 
On comparing the performance of the varieties at the same level of main plot, 
it was noted that Rl-18 and R. 75-2 could not manifest .heir seed-and oil-yielding 
potential fully at ihe lower basal dose (Fig 1) prcsum.ibly due to low production of 
pods/plant (Table 1^  and should, therefore, be grown only under conditions of assured 
high feriiliser availability. 7 he superiority of Varuna noted above was further con-
firmed, as its high capacity for pod and stcd production helped it to ocrupy a position 
among the top producers of seed and oil at both levels of basal fertilisation (Tables I & 2). 
It I!.ay, tl ciefeie, be concluded that, in the event cf application of supplemental 
spray oi Nj|P^S.., ihf lughcr bn al c!ose (N^pP^y''ga\e better results than did N4oPjo. 
Among the \aiiciies tested, R. 75-2 and \ 'aruna gave o^er-all better performance. 
Considering the 'nter;iction efTec!.', Nj^Pj^ showed the highest increase (more than 80%) 
than N^oPjo in ;ecd and oil yield of RL-18 and the lowest hss than (12%) of Appre.'-sed 
Mutant On iht other hand; R. 75-2 and RL-18 performed better at NcpP^o, whereas 
T - l l a n d T - 1 6 responded better a'X^,,?,,,. A unique feature of X'aruna was its com-
mendable performance at both levels. 
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NOTE ON EFFECT OF SPARY NITROGEN, PHOSPHORUS AND SULPHUR ON MATURITY OF MUSTARD 
SAMIULLAH, F. MOHAMMAD, M.M.R.K. AFRIDI and M.M.A. KHAN 
Botany Department, Aligarh Muslim University, Aligarh-202 OOJ, India 
(Received November 13 1982; Revised March 7, J 983) 
Varieties of crop plants differ in the time 
taken to connplete tiieir life cycle. There is 
always a demand for short duration varieties 
of crop plants due to many known reasons. 
Alternatively, reducing the life span of an exi-
sting variety by proper manipulation of 
external factors without sacrificing yields 
would be equally welcome. 
Maturity of rape is known to be delayed 
by N applied to ihe soil (Andersson, 1 956). 
Sirpilarly. Cutcliffe & Munro (1980) noted 
thai basal application of N delayed the matu-
rity of other crops, including some crucifers, 
whereas P hastened it. The technique 
of foliar application of nutrients, as a supple-
ment, has also been successfully used recently 
in a number of crops (Wittwer & Teubner, 
1959; Afridi & Wasiuddin, 1979). However, 
the effect of leaf applied nutrients on crop 
maturity has not received any attention. 
The present note deals wi th the elfect cf 
various doses of leaf applied N, with and 
without a mixture of P and S. on maturity 
and yield of mustard. 
Brassica juucea (L.) C::ern. & Coss var. 
Varuna was grown in the iieid having sandy 
loam soil at AMU campus, during rabi 
(winter) season of 1980-1981. Urea, super-
phosphate and potash, at 60 kg N, 40 kg 
PaOs and 40 kg KaO/ha, respectively were 
uniformly applied basally before sowing. In a 
simple randomised block design, nine spary 
combinations (NoPoSo, NsPoSo, NsPaSz, 
NioPoSo, N^oP^Sj , N i s P o S u . N , 5 P . S 2 , 
N20P0S0, and HioPiSt ) were applied 
in two operations, half at 70 days and the 
remaining half at 90 days after sowing, the 
subscripts denoting the amounts of N, P2O3 
and S in kg/ha applid as aqueous solutions 
of urea, NaH;<P04 and Na-S04 , lespectively. 
The data indicated that maturity was 
delayed significantly by N spray. A delay of 
3.0, 5.7, 8.7 and 14.0 days, compared 
with the control sprayed wi th deionised, 
water, was noted due to N spray at 5, 
10, 15 and 20 kg/ha. respectively. However, 
inclusion of P I-S in each of the four spray 
doses of N significantly decreased crop matu-
rity as compared with the respective dose 
of N alone by 1.0. 2 3, 1.7 and 1.3 days, 
respectively. 
Notwithstanding the adverse effect 
of N on ma'urity. yield was noted to be 
significantly and linearly enhanced by increa-
yol. 10 (3). 1983 J 21 
sing doses of spray N, wi th N^o Po So 
giving 26.7% more seed than No Po So-
interestingly, adding P - f S to the four 
N spray doses increased the yield further 
in each case. As an example, NjoPaSa 
produced 1.9% more seed than N20P0S0. 
Although there is no mention in the 
literature of the effect of foliar application 
of N, P or S on maturity, sprays of these 
nutrients are known to entiarce yield and 
quality in a number of .plants (including 
oilseeds ) presumably by toning up the 
metabolism of the plants at the crucial stages 
of growth selected for spray (Wittwer & 
Teubner, 1959; Naqvi et al., 1977;Afridi et al., 
1978; Afridi & wasiuddin, 1'979; Afridi & 
Parvaiz, 1981). 
The present observations, that inclusion 
of P + S in N spray not only ensures 
maximum yield but also hastens maturity, 
is doubly noteworthy, particularly in view 
of the oilseeds crisis threatening the country. 
It would be of interest to study if addition of 
more than 2kg PjO,, and S/ha to the N spray 
would further cut down the maturity period 
without any ill effect on the yield. The 
results Of a field experiment planned by the 
authors on these lines, involving more vari-
eties of mustard, are expected to settle the 
issue decisively. 
Assistance in statistical analysis rende-
red by Mr. M.L. Sahni, lASRl, New Delhi and 
the award of a Research Feiloyvship by this 
University to one of us (F.M.) is gratefully 
acknowledged. 
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COMPARATIVE PERFORMANCE OF TEN MUSTARD VARIETIES IN RELATION TO YIELD AND QUALITY 
F. MOHAMMAD, SAMIULLAH and M.M R.K. AFRIDI 
Botany DepartmeU, Aligarh Muslim University, AUgarh-202 001, India 
(Received April 23; Revised June 28, 1983) 
Mustard {Brassica juncea (L.) Czern. & 
Coss.) is one of the most important edible oil 
producing crops. Due to high demand and 
low production, the government has been 
importing regularly between 0.15 and 0.20 
million tonnes of vegetable oils and fats every 
year (Anonymous, 1978). The situation has 
worsened more recently, the quantity impor-
ted during 1980-81 being about one million 
tonnes. The production of oilseed crops 
can be enhanced greatly by proper manage-
ment, planting pattern and balanced manuring. 
In this context, the performance of different 
varieties under varying agroclimatic conditions 
s.ioula be tested. Therefore, a field trial 
was undertaken to study the performance 
of ten newly evolved mustard varieties under 
conditions of Aligarh. 
Ten varieties of mustard, namely Appre-
ssed Mutant, Pusa Kisan, Pusa Kranti, R. 
75-2, RIK-3, RL-18, RS-3, T-11, T-16 and 
Varuna, were taken for the comparison. The 
soil was analysed before application of fertili-
ser (pH -7.9; organic carbon 0.59% available 
N 202.2; P2O5/53 9 and K2O 1687.1 kg/ha). 
Urea, monocalcium superphosphate and muri-
ate of potash wpre applied uniformly at the 
rate of 60 kg N, 40 kg P2O5 and 40 kg KgO/ha 
respectively at the time of sowing. Seed rate 
was 10 kg.'ha. The design of the experiment 
was simple randomised with three replica-
tions. 
Various yield attributes, namely number 
of pods/plant, number of seeds/pod, hecto-
litre weight and seed yield ha were studied at 
harvest. To study quality characteristics, 
namely oil percentage, acid value, saponifi-
cation value and iodine value, the oil was 
extracted with the help of soxhiet apparatus 
using petroleum ether as a solvent. Total oil 
yield was computed on the basis of seed 
yield and oil percentage. 
Among the varieties tested, Varuna was 
significantly better than all others ( Table 1 ). 
It produced 55.3% more seed and 51.9% more 
oil than RIK-3 whose performance was the 
pooiest. The higher yield seems to be due 
to Its higher number of pods/plant ( 48.5% 
more than RIK-3 ). On the other hand, it 
may be interesting to note that variety RL-18 
suppressed even Varuna by 5.1% in oil per-
centage. This was, however, more than 
compensated by the seed yield of Varuna 
which was responsible for the highest com-
puted value for oil yield/ha noted above. 
Incidently, Varuna out-yielded RL-1B in seed 
production by 29,5"o and oil production by 
23.3%. These data broadly confirm the find-
ings of Parwaiz (1980). 
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Table 1. Varietal response of mustard in relation to yield and quality (Means of 3 replicates). 
Chaiacters Appr. Pusa Pusa R. 75-2 RiK-3 RL-18 RS-3 T-11 T-16Varuna CD. 
K/lutant Kisan Kranti 
No. of pods/plant 255.4 182.9 206.7 233.9 
No. of seeds/pod 12.5 11.8 10.8 12.2 
Seed yield (kg/ha) 832.7 678.3 781.0 770.0 
Hectolitre wt. 
Oil content (%) 
Oil yield (kg/fia) 
Acid value 
Iodine value 
Saponification 
value 
65.2 65.5 65.7 64.8 
36.1 37.9 36.2 38.4 
300.2 256.8 283.0 296.0 
2.769 2.47 2.669 4.071 
98.54 98.14 98.33 97.29 
176.4 209.5 190.3 238.9 254.1 262.0 5.061* 
12.1 11.4 12.3 12.3 12.3 12.8 0.260* 
630.3 756.0 730.0 806.7 829.3 979.0 4.279* 
63.0 65.0 65.8 64.5 65.0 65.7 0297* 
37.9 39.0 36.9 37.4 37.4 37.2 0.214* 
239.4 295.1 269.8 302.0 310.5 363.8 2.531* 
3.884 4.129 4.037 4.061 3.569 3.191 0.146* 
97.82 97.15 95.37 96.68 97.57 97.15 0.203* 
181.1 182.4 180.8 177.2 179.2 177.9 176.4 177.2 178.1 177.0 0.671* 
*Significant at 5% level. 
For oil quality also, Varuna proved 
reasonably good, although acid value in Pusa 
Kis^n and iodine value in RS-3 were supe-
rior than all other varieties, as low values for 
these parameters are considered good for 
storage and hydrogenation. Similarly, Pusa 
Kisan proved best with regard to 
saponification value, high values being,consi-
dered good for digestibility. Mustard oil is 
however, in such short supply, that it is sel-
dom stored for long periods or used for large 
scale hydrogenation. 
One of us (P.M.) is thankful to the 
University for the award of a Research 
Fellowship. 
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E F F E C T OF C O M B I N E D P H O S P H O R U S A N D P O T A S S I U M O N 
P R O D U C T I V I T Y O F M U S T A R D 
SAMIULLAH, F. MOHAMIVIAD AND M. M. R. K. AFRIDI 
Department of Botany, Aligarh Muslim University, Aligarh-202 001. 
Abstract 
A field experiment was conducted on mustard {Brassua juncea h. C z e m . Sc, Coss . 
var. Varuna at Aligarh to study the effect of different combinations of phosphorus 
and potassium applied as monocalc ium superphosphate and muriate of po tash , res -
pectively (each at the rate of 40, 60 and 80 kg P,Oj and K,0/ha) on yie ld and yie ld 
attributes of mustard. I s addition, a uniforio dose of urea nitrogen at the rate of 
90 kg N ha was applied. The design of the experiment was factorial randomi-
sed with three replications. At harvest , various yield characteristics, n a m e l y num-
ber of pods/plant, number of seeds/pod, hecto-litre weight, seed yie ld , o i l percen-
tage and oil yield were studied. The effect of phosphorus alone as w e l l a s in com-
bination with potassium was found s ig l ificant, 60 kg P ,O, /haand60kg P . O , + 4 0 k g 
K , 0 , h a proving optimum and producing about 12 and 23% more s eed and oi l 
than the respective controls. The increase in seed and oil yield w a s p r e s u m a b l y 
due to maximom pods,'plant, seeds /pod, hecto-litre weight and oi l content . 
KEY WORDS : Mustard; Oilseeds; Phosphorus; Potassium. 
Introduction 
The consumption of edible oil in our country is so high that large imports have to be 
made every year to fulfil the requirements. In this context, increased yield of oilseeds 
would be welcome as it would strengthen the economy by saving considerable foreign 
exchange. In recent years, this has been attempted by developing new high yielding varie-
ties, particularly of mustard, which occupies a prominent position among oilseeds. 
A preliminary field trial by Mohammad and Afridi (1982) with ten high yielding varieties 
of this crop indicated the superiority of Varuna under the conditions prevailing at Aligarh. 
Later work by Mohammad and Samiullah (1983) established the optimum nitrogen 
requirement of this variety. The present paper deals with its phosphorus and potassium 
requirements. 
Materials and Methods 
Mustard [Brassica juncea L. Czem. and Coss. var. Varuna) was sown at the rate of 
10 kg/ha in sandy loam soil (pH-8.1, available nitrogen, phosphorus and potassium—188.1 
kg N, 51.3 kg PtOj and 1214.8 kg KjO/ha, respectively). In a factorial randomised block 
design, monocalcium superphosphate and muriate of potash (each at the rate of 40, 60 
and 80 kg P»0, and KjO /ha) were applied in all possible combinations. Each treat-
ment was replicated thrice. Urea nitrogen was applied uniformly at the rate of 90 kg 
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N/ha in all plots as per the findings of Mohammad and Samiullah (1983). The size of each 
plot was 10 sq m. At harvest, random samples of five plants were collected from each 
plot for number of pods/plant and number of seeds/pod. The remaining plants were har-
vested for assessing the total seed yield and hecto-litre weight. Oil was extracted from the 
seed samples by soxhlet apparatus for determining oil percentage. Total yield of oil was 
computed on the basis of seed yield and oil percentage. 
Results and Discussion 
Data given in Tables (1 to 3) reveal that the eflfect of phosphorus on all the yield 
characteristics was significant. The effect of potassium, however, was not so prominent, 
presumably because of the high potassium status of the soil. The interaction effect (P X K) 
was also significant. Thus, application of 60 kg PjOj/ha, which gave the best results, in-
creased pod number per plant by 18.2%, seed number per pod by 5.1%, hecto-litre weight 
by 0.8%, seed yield by 12.3%, oil percentage by 3.2°/o and oil yield by 22.9%, as com-
pared with 40 kg PjOj/ha. Regarding the interaction effect, 60 kg PjOj x40 kg K,0/ha, 
which proved optimum, increased these characteristics by 19.0, 6.0, 0.7, 12.5, 3.3 and 
23.4%, respectively over the control (40 kg PjOj 4-40 kg K , 0 /ha). The optimum effect 
of the application of 60 kg PjOJha on seed yield was presumably due to maximum pods/ 
plant, seeds/pod and hecto-litre weight as these parameters were found to be positively 
correlated with it having correlation coefficients (r) =-{-0.977,4-0.517 and -fO.779, res-
pectivley. Similarly, the maximum computed value for oil yield noted in this treatment 
may be attributed to the optimum seed yield and oil content which were positively corre-
lated with it, each having correlation coefficient (r) = -f 1.000. 
Table 1. Effect of combined phosphorus and potassium application on pod numberjplant and seed 
number'pod in Varuna mustard. 
Phisphorus 
(kg P,0 . /ha) 
40 
6U 
80 
Mean 
Phosphorus (P^ 
Potassiu n fKl 
P x K 
10 
347.3 
413.3 
390.7 
383.8 
CD 
7.3 
xs 
60 
Pod nu 
351.0 
415.7 
396.3 
387.7 
(5%) 
12.6 
Potassi>im (kg K^O/hal 
80 
\tibtTlplant 
349.7 
409.7 
396.3 
385.2 
Mean 
349.3 
412.<) 
394.4 
40 
13.4 
14.2 
13.3 
13.6 
60 
Seed nui 
13.4 
14.1 
13.7 
13.7 
CD (5%) 
0 .18 
MS 
0 . 3 
80 
Tiber jpod 
13.5 
14.1 
13.3 
13.6 
Mean 
13.4 
14.1 
13.4 
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Table 2. Effect of combined phosphorus and potassium application on hectro-litre weight and seed 
yield in Varuna mustard. 
Phosphorus 
(kg P.O./ha) 
40 
60 
80 
Mean 
Phosphorus (P) 
Potassium (K^ 
P x K 
40 
68.3 
63.8 
68.2 
63.46 
60 
Potassiun. 
80 Mean 
Hecto-liire weight {kg) 
68.0 
68.6 
68.4 
68.40 
CD (5%) 
o.2r 
MS 
0.36 
69.I 69.1 
6 8 .6 63.7 
68.3 68.3 
68.40 
.Kg K,0/ha) 
40 
1325.0 
1490.0 
1470.0 
14.28.33 
60 80 
Seed yield {kglha) 
1328.3 
1487.3 
1479.0 
1431.54 
CD (5%) 
9.03 
NS 
15.64 
1325.0 
1491.6 
1480.C 
1432.22 
Mean 
1326.1 
1439.6 
1476.3 
Table 3. Effect of combined phosphorus and potassium supply on oil percentage and oil yield in Varuna 
mustard. 
(kg P.O./ha) 
40 
6r 
80 
M'^ an 
Phosphorus (P) 
Potassium (K) 
P x K 
40 
34.1 
37.4 
37.1 
36.25 
60 
Potassium (kg K,0/ha) 
80 
Oil percentage 
34.0 
37.2 
36.9 
36.13 
CD ^5%) 
0.34 
NS 
0.57 
34.1 
37.2 
37.0 
36.16 
•^^ ean 
34.1 
37.3 
37.0 
40 
452.1 
557.8 
546.6 
518.91 
^ 
60 80 
OilyUld {kg^ha^ 
452.6 
555.0 
546.9 
518.23 
CD (5%) 
5.64 
NS 
9.76 
453.0 
555.6 
548.4 
519.06 
Mean 
452 .6 
556.2 
547.3 
The present findings with Varuna corroborate in general those of Maini et al. (1965), 
Sharma (1968), Chundawat et al. (1975), Naqvi (1976), Naqvi et al. (1977), Parvaiz (1980) 
and Parvaiz et al. (1983) vnth other mustard varieties. 
It may, therefore, be concluded that mustard variety Varuna can be grown profitably 
with a basal dose of 60 kg PjOi/ha in the presence of 90 kg N/ha in the potassium rich 
Aligarh soils. 
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NOTE ON THE YIELD ATTRIBUTES AND QJALJTY OF MUSTARD UNDER VARYING LEVELS OF 
NITROGEN 
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Oilseeds play a key role in our daily commodity. The quantity of edible oils 
life as an important food and industrial and fats imported during 1977 to 1983 
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Table 1. Effect of basal nitrogen on yield and quality of mustard (Mean of 3 replicates). 
Characters 
Pod number plant 
Seed number/pod 
Hecto-litre weight 
(kg) 
Seed yield (kg/ha) 
Oil content (%) 
Oil yield (kg/ha) 
Acid value 
Iodine value 
Saponification value 
Cost benefit* 
30 
211 533 
10.666 
66 500 
743 383 
42 566 
316 407 
2 336 
98.555 
179 700 
Control 
Nitrogen kg/ha 
60 
236.000 
11 800 
65.166 
866 666 
41.650 
360 966 
3.004 
97.266 
176.888 
+ Rs545 80 
90 
254.666 
12 466 
63 833 
1180 000 
40.044 
472.519 
3,538 
96.100 
174.611 
+ Rs2136 65 
120 
253.266 
12.066 
63.666 
1173.066 
38.477 
450.206 
4.206 
95.255 
177.699 
+ RS.1942 45 
CD. at 5% 
6.083 
0115 
0.422 
5.407 
0.143 
4 086 
0.352 
0 435 
1.715 
— 
•Rates — Urea at Rs. 203.20 / q. Mustard at Rs 550 00 / q 
being 0.7 to 1.2 million tonnes, respectively. 
It IS being increasingly realised that oilseeds 
output can be enhanced considerably by 
proper manuring The present study deals with 
the nitrogen requirement of Varuna. a high 
yielding variety of Mustard {Brassica juncea 
L. Czern. & Coss.), which proved best among 
several vaneties tested by Parvaiz (1980) and 
Mohammed et al. (1984) at Aligarh, Western 
Uttar Pradesh. 
A simple randomised field experiment 
was conducted during 'rabi' (winter) season 
in a sandy loam soil (pH-7 9, organic carbon 
0.60%. available N-203 8, P-38 4 and K-950 
kg/ha). Four levels of urea nitrogen viz. 
30, 60, 90 and 120 kg N/ha were given with 
a uniform dose of 17 5 Kg P (monocalcium 
superphosphate) and 33 2 kg k/ha (muriate 
of potash) before sowing in 10 sq m plots. 
The seed rate was 10 kg/ha. The field was 
irrigated thnce between sowing and harves-
ing Weeding was done twice. Uniform 
thinning was done at first weeding in all the 
plots. Each treatment was replicated thrice. 
Pod number/plant, seed number/pod, hecto-
litre weight and seed yield per plot were 
noted at harvest. Seed yield per hectare was 
computed accordingly. From each seed 
sample, oil was extracted by soxhiet 
apparatus, using petroleum ether as a solvent, 
and Its percentage determined. Oil yield per 
hectare was calculated on the basis of seed 
yield and oil percentage. For oil quality, 
usual tests for acid, iodine and saponification 
values were conducted (Anonymous, 1970). 
It was observed that all the parameters 
studied were affected significantly by nitro-
gen application. It is evident from Table 1 
that 90 kg N/ha proved optimum for most of 
the yield parameters, including seed and oil 
yield/ha. As compared with the lowest dose 
(30 kg N/ha), seed yield was 58.8% higher. 
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the major contributing parameters being pod 
number/plant (20.4%) and seed nunnber/pod 
(16.9%). On the same basis, oil yield/ha 
was 50.2% higher in this treatment. 
Regarding oil quality parameters, iodine 
value (giving indication about the extent of 
unsaturated fatty acids in the oil) showed a 
linear decrease with increasing doses of nitro-
gen. This implies that 120 (and 90 kg N)/ha 
produced oil that had more consumer accept-
ability. However, acid value (ke'fping quality 
and saponification value (digestibility and 
soap making) were highest in 30 kg N/ha 
treatment. This is not alarming as mustard 
oil is in such short supply in our country that 
it is neither stored for long periods nor allo-
wed to be used in the soap industry. The 
difference between the values for 90 and 30 
kg N/ha (2.8%) in the index for digestibility 
is also negligible. 
Considering the entire yield and quality 
data as well as cost benefit, it may be conc-
luded that for optimum productivity and 
reasonably good quality oil, Veruna can be 
grown profitably with 93 kg N/ha. 
The first author is grateful to the Coun-
cil of Scientific and Industrial Research, New 
Delhi for the award of a Senior Research 
Fellwship. 
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ON OPTIMISING MUSTARD YIELD BY SPRAY OF 
NITROGEN, PHOSPHORUS AND SULPHUR 
Samiullah, F. Mohammad and M.M.R.K. Afridi 
Botany Departmeut, Aligarh Muslim University, Aligarh 
Abstract 
In a split-plot field experiment, the effect of five doses of spray of 
nitrogen (0, 5, 10, 15 and 20 kg N/ha) with or without phosphorus and 
sulphur (2 kg each of P2O5 and S/ha) and two levels of basal nitrogen and 
phosphorus (40 kg N +20 kg P2O5 and 60 kg N + 4 0 kg P2O5) on yield 
characteristics of mustard var. Varuna was studied. Potassium (40 kg 
K20/ha) was applied uniformly in both main plots. 
Both spray and basal application affected all yield characteristics 
significantly. Among spray treatments, N20P2S2 out-yielded all others, 
particularly with the higher basal dose (NenP^) which itself proved better 
than the lower dose (N40P20) • 
INTRODUCTION 
In our country, production of edible oils during the last two decades 
has not been at par with consumption For example, production of edible 
oils was 2.7 million tonnes while consumption was 3.5 million tonnes from 
November 1978 to October 1979. During 1979-80, the shortage of edible 
oils was 1 million tonnes. This recurring shortage has necessitated huge 
imports of edible oils e.g. 1 million tonnes of oil was imported during 
1980-81. This acute shortage has compelled the Government to give top 
priority to ojlsepd prndnrtinn ift-it& 20-point Development Piogiamme. 
There may be several reasons for low production of oilseeds. One of 
them is the additional requirement of fertilisers by high yielding varieties 
as our poor farmers are not able to apply the full recommended dose of 
fertilisers due either to their high cost or short supply. Moreover, fertilisers 
The award of University Research Fellowship by the Aligarh Muslim University, Aligarh to 
one of us (F.M.) is grateful acknowledged. 
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appllied to the soil at the time of sowing are not fully available to plants 
due to leaching, fixation, decomposition by soil micro-organisms and other 
factors. 
To cope with the problem, several workers have investigated the 
feasibility of foliar application at different places. At Aligarh, Naqvi (1976); 
Naqvi et al (1977); Afridi et al. (1978); Parvaiz (1980) and Afridi and 
Parvaiz (1981), working on several varieties of mustard, noted that spray of 
various combinations of nitrogen, phosphorus and sulphur enhanced yields 
considerably. Therefore, it was decided to investigate the effect of several 
doses of spray nitrogen with and without phosphorus and sulphur at two 
basal levels of nitrogen and phosphorus to establish the optimum combina-
tion of spray and basal nutrients. Variety Varuna, was selected as it 
proved better for yield than a number of other varieties in earlier studies 
(Parvaiz, 1980), and is becoming popular among the farmers of West Uttar 
Pradesh. 
MATERIALS AND METHODS 
The experiment was conducted during 'rabi' (winter) season of 1980-81 
at the Farm-cum-Botanical Garden of the Aligarh Muslim University, 
Aligarh. The soil was sandy loam : (pH 8.2. organic carbon—0.67%, 
available nitrogen—214.72 kg N/ha, available phosphorus—54.96 kg P205/ha 
and available potash 1687.17 kg K20/ha). Brasslca juncea {h,) Cztxn. 
& Coss var. Varuna was sown at the rate of 10 kg/ha on 12th October, 
1980. There were two main plots. Each main plot comprised of nine 10 
sq. m. sub-plots. Out of these two main plots, one received a uniform 
basal dressing of 40 kg N and 20 kg P205'ha while the other received 60 kg 
N and 40 kg P^Os/ha. A uniform dose of potash (40 kg K20/ha) was 
applied to both main plots. Nitrogen, phosperus and potash were applied 
as area, single super-phosphate and muriate of potash respectively. Nine 
spray treatments (sub-plots) viz., NQPOSO. N5P0S0, N5P2S2, NIQPOSO, N10P2S2, 
N15P0S0. N15P2S2, N20P0S0 and N20P2S2 were applied to both main plots, 
the sub-scripts representing the dose of N, PjOs and S in kg/ha. Spary 
treatments were applied in two operations, i.e., half at 70 days and the 
remaining half at 90 days after sowing. Nitrogen, phosphorus and sulphur 
were given as aqueous solution of urea, sodium dihydrogen orthophosphate 
and sodium sulphate respectively. The controls were sprayed with 
deionised water. The design of the experiment was split-plot, with three 
replications. 
At harvest, 5 plants were taken randomly from each plot to study pod 
number/plant and number of seeds/pods. For yield, the entire plot was 
harvested. Oil was extracted by Soxhlet apparatus. 
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RESULTS AND DISCUSSION 
II is evident from Tables I—III that all spray treatments gave signi-
ficantly more pods/plant, seeds/pod and total seed yield than the control, 
it is noteworthy that increase in the quantity of spray nitrogen gave a linear 
increase in these characters, but the effect was more prominent when 
phosphorus and sulphur were also included in the spray. Among the foliar 
treatments, NgoPjSa produced maximum number of pods/plant, seeds/pod 
and seed yield showing a percent increase of 36.16, 16.16 and 44.51 
respectively over control. 
On comparing different main plot means at the same level of sub-plot 
(spray treatments), all combinations with higher basal dose proved better 
for seeds/pod and yield. On the other hand, when different sub-plot means 
at the same level of main plot were taken into con^:deration, it was found 
that, compared with their respective controls, all spray treatments gave 
significant higher values for all three yield characterestics, with treatment 
N2 P,S2 again proving the best for both levels. 
TABLE 1 
EflTect of N, P and S spray with two basal doses of N and P on number 
of pods/plant in mustard var. N'aruna 
Folia treatments 
(Sub-pJots) 
NoPoSo 
NjPoSo 
NsP.Sa 
NioPoSo 
N10P2S2 
N15P0S0 
N15P2S2 
NaoPflSo 
N20P2S2 
Basal treatments (Main plots) 
N40P20K40 
248.600 
259.200 
263.066 
265.466 
268.466 
308.000 
311.800 
314.200 
350.600 
NeoPioK^o 
269.266 
288 800 
307.333 
325.933 
326.733 
335.666 
338.466 
345 400 
354.543 
Mean 
258.933 
274.000 
285.200 
295.700 
297.600 
321.833 
325.133 
329.800 
352.566 
Mean 287.711 321.480 
Sub-plot marginal means 
Main plot marginal means 
Main plot means at the same level of sub-plot 
Sub-plot means at the same level of main plot 
C D . at S'o 
2.881 
4.490 
5.509 
4.032 
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TABLE 2 
Effect of N, P and S spray with two basal doses of N and P on number 
of seeds/pod in mustard var. Varuna 
Foliar treatments 
(Sub-plots) 
NoPoSo 
N5P0S0 
NgPjiSj 
NioPoSo 
N10P2S2 
N15P0S0 
N u P ^ S , 
NsoPflSo 
^2o"2^2 
Basal treatments (Main plots) 
N4oPioK40 
11.733 
12.000 
12.066 
12.333 
]2.600 
12.933 
13.333 
13.466 
13.533 
N60P40K40 
12.200 
12.666 
13.000 
13.200 
13.666 
13.800 
13.866 
14.066 
14.266 
Mean 
11.966 
12.333 
12.533 
12.766 
13.133 
13.366 
13.600 
13.766 
13.900 
Mean 12.666 13.414 
Sub-plot marginal means 
Main plot marginal means 
Main plot means at the same level of sub-plot 
Sub-plot means at the same level of main plot 
CD. at 5% 
0.201 
0.114 
0.286 
0.285 
With regard to the percentage of oil (Table IV), it was noted that the 
maximum value was recorded for spray treatment N5P2S2. It was 3.49% 
more than that of the control. It was further observed that spray of 
nitrogen alone decreased oil percentage linearly as its dose increased. But 
the addition of phosphorus and sulphur at each level of spray nitrogen gave 
higher percentage of oil than was obtained with the respective nitrogen spray 
alone with N5P2S, proving best. 
Considering the two main plot means at the same level of sub-plots, all 
combinations with higher basal dose (spray x N60P40) gave significantly 
higher values for oil percentage than their respective counterparts. On the 
other hand, when different sub-plot means (spray treatments) at the same 
level of main plot (basal treatments) were considered, it was noted that 
N5P2S2 gave best results with either of the two basal doses. Considering 
oil yield/ha, it was noted that, inspite of oil percentage, like the yield 
characteristics, once again spray of N20P2S2 proved best. The increase due 
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TABLE 3 
Effect of N, P and S spray with two basal doses of N and P on seed 
yield (kg/ha) in mustard var. Varuna 
Foliar treatments 
(Sub-plots) 
NoPoSo 
NsPoSo 
N5P2S2 
NioP,So 
N10P2S2 
N15P0S0 
N15P2S2 
NJOPOSQ 
N20POS2 
Basal treatments (Main plots) 
N4oP2oK40 N60P40K40 
755.00 
866.00 
934.66 
977.00 
1073.33 
1150.66 
1184.33 
1193.33 
1256.65 
1082.66 
1165.66 
1211.66 
1273.33 
1331.66 
1345.00 
1368.33 
1371.66 
1398.33 
Mean 
918.83 
1015.83 
1073.16 
1125.10 
1202.50 
1247.83 
1276 33 
1282.50 
1327.50 
Mean 1043.54 1283.14 
Sub-plot marginal means 
Main plot marginal means 
Main plot means at the same level of sub-plot 
Sub-pl o t means at the same level of main plot 
C D . at 5% 
3.32 
2.02 
4.76 
4.70 
to N2oPjS2 over control was 43.89%. It is noteworthy here that N5P2S2, 
which had proved best for oil percentage, gave only an increase of 20.57% 
over the control. It was further noted that spray treatment N20P0S0, gave 
the lowest oil percentage showing 8.2% decrease in comparison to the 
control. 
It is also evident from Tables I-V, that the basal treatment N60P40 gave 
the maximum number of pods/plant, seeds/pod and seed yield showing an 
increase of 11.69, 5.90 and 22.97% respectively over the lower level (N4oP2o)-
The increase due to N60P40 in oil percentage and oil yield was 4.70 and 
28.90% over N4oP20-
From the above data it may be concluded that spray of nitrogen at the 
rate of 20 kg/ha with phosphorus and sulphur at the rate of 2 kg/ha each 
in two instalments may be recommended to the farmer for obtaining 
optimum yield of seed and oil of mustard variety Varuna. Further, 
efficiency of this spray would prove better in crops receiving a basal dose 
of N6oP4o. These results indicate that, like high yielding varieties of other 
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TABLE IV 
Effect of N, P and S spray with two basal doses of N and P on oil 
percentage in mustard var. Varuna 
Foliar treatments 
(Sub-plois) 
Basal treatments (Main plots) 
N4oP»oK40 NgQP4oK40 
Mean 
NoPcSo 
NgPoSo 
NgP.S, 
NioPoSo 
N10P2S2 
N15P0S0 
NisP^S^ 
N20P0S0 
NaoP.S, 
36.950 
36.350 
38216 
36.000 
37.200 
3<.500 
37.000 
34.000 
36.550 
38.630 
37.920 
39.633 
37.000 
39.500 
36.300 
39.400 
35.800 
38.900 
37.790 
37.135 
39.075 
36.500 
38.350 
35.900 
38.200 
34.900 
37.725 
Mean 36418 38.153 
Sub-plot marginal means 
Main plot marginal means 
Main plot means at the same level of sub-plot 
Sub-plot means at the same level of main plot 
;.D. at 5% 
0.123 
0.078 
0.177 
0.174 
TABLE V 
Effect of N, P and S spray with two basal doses of N and P on oil 
yield (kg/ha) in mustard var. Varuna 
Foliar treatments 
(Sub-plots) 
Basal treatments (Main plots) 
N4OPJOK40 I NeoP4oK.4o 
Mean 
NoPoSn 
NsPoSo 
NsPgSa 
NioP.So 
N10P2S2 
N15P0S0 
N15P2S2 
N,oPoSo 
N20P2S2 
278.966 
314.790 
357.193 
351.716 
399.280 
408.483 
438.200 
406.730 
459.310 
418.233 
442.020 
483,450 
471.133 
526.003 
488.233 
539.120 
491.053 
543.950 
348.600 
378.405 
420.321 
411.425 
462.641 
448.358 
488 660 
448.391 
501.630 
Mean 379.296 489.244 
Sub-plot marginal means 
Main plot marginal means 
Main plot means at the same level of sub-plot 
Sub-plot means at the same level of main plot 
CD. at 5% 
2.072 
0 828 
2.794 
2.867 
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crops, mustard var. Varuna requires high fertiliser doses for good perfor-
mance. The findings for spray treatments further highlight the efficiency 
of foliar application. The results confirm the earlier findings of Naqvi (1976); 
Naqvi et al. (1977); Afridi et fl/, (1978). Parvaiz (1980) and Afridi and Parvaiz 
(1981). 
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ABSTRACT 
The effect of 16 combinations of spray P and S (2,4,6 and 8 kg each of PaOj and S/ha) 
and a water-sprayed control on yield characteristics of firoMicay«ncfo, was studied at two basal 
levels of N and P (40 kg N+20 kg P2O5 and 60 kg N+40kg PaOs/ha) to which 40 kg KzO/ha 
was added uniformly in a split-plot design. Pod oo./plant, seed no./pod, seed yield, oil 
percentage and oil yield, studied at harvest, revealed the general superiority of spray PsSs, basal 
N60P40 atd PsSa x N e o P i o -
INTRODUCTION 
The shortage of oilseeds in India has 
become an annual feature due to various 
constraints. The problem can be solved by 
evolving better varieties and by proper 
management, including planting pattern and 
judicious fertilizer application. 
Foliar spray of dilute solutions of 
nutrients has proved very efficient for produc-
tion of crops, including oilseeds, unaer 
Indian conditions (Oe, 1971; Afndi & 
Wasiuddin, 1979; Afr idi , 1983). At Aligarh, 
such studies by Naqvi et al. (1977); Afridi 
at al. (1978); Parvaiz et al. (1982); Afridi 
et al. (1983) and Samiullah et al. (1985) on 
mustard cultivars have given encouraging 
results. It was, therefore, decided to com-
pare the efficiency of several doses of spray 
phosphorus and sulphur to establish their 
optimum combination for Varuna, under two 
basal fertiliser regimes. 
MATERIAL A N D METHODS 
Brassica juncea (L.) Czern. & Coss. cv. 
Varuna was sown in sandy loam soil (pH : 
8 3, available N : 232; PgOg : 62 and KgO : 
1680 kg/ha), according to split-plot design. 
One mam plot received 40 kg N-l-20 kg 
P2O5 and the other 60 kg N -f 40 kg PgOg, 
as urea and super phosphate, respectively. A 
uniform dose of 40 kg K20/ha was also 
added as muriate of potash. Spray consisted 
of 2, 4, 6 or 8 kg/ha each of P2O5 (as 
NaH2P04) and S (Na2S04). m all possible 
combinations, applied as dilute aqueoS^Tn 
two operations, i.e. half at 70 days and &elu-
-tfenethe remaining half at 90 days after sowing 
(Parvaiz et el., 1982). Controls were sprayed 
with deionised water only. Pod number/ 
plant, seed number/pod, oil percentage and 
seed yield were studied at harvest, oil yield 
was computed on the basit of the last two 
parameters. 
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Table 1. Effect of P and S spray with two basal doses of N and P on pods/plant, seeds/ 
pod, and seed yield in mustard var. Varuna. Mean of three replicates. 
Foliar treat. 
(sub-plots) 
Basal treatments (main plots) 
Pods/plant Seeds/pod Seed yield (kg/ha) 
N40P20 N«oP40 Mean NioPgo N60P40 Mean N^oPgo N60P40 Mean 
PoSo (Water) 214.86 254.13 234.50 11.00 11.73 11.36 705.00 1036 66 870 83 
P2S2 231.93 261.60 246.76 11.86 12.20 12.03 770.66 1138.33 954.50 
P2S4 240.06 267.66 253.86 12.13 12.53 12.33 809.00 1 1 7 3 3 3 991.16 
PgSe 243.60 271.06 257.33 12 66 13.33 13.00 835.00 1310 00 1072.50 
PgSg 248.13 281.06 264 6U 13.33 13.53 13 43 864 00 1340.00 1102.00 
P4S2 248 86 270.06 259.46 12.73 13.06 12.90 861.00 1271.66 1066.33 
P4S4 235.60 248.53 242.06 11.73 12.00 11.86 840.00 1161.66 1000.83 
P4S6 237.06 268.40 252.73 12.00 12.60 12.30 861.00 1231.66 1046.33 
P4S8 273.76 274.86 274.31 12 80 14 20 13.50 870.00 1270.00 1070.00 
PsSg 248 86 286.06 267.46 13 53 14.46 14.00 875.00 1365.00 1120.00 
PeSi 247.80 267.40 257.60 12.26 13.40 12.83 869.00 1298.33 1083.66 
PfiSg 228.13 258 66 243.40 11.46 11.86 11.66 818.33 1100.00 959.16 
Pg^g 23486 27133 253.10 1226 12.60 12.43 841.66 1251.66 1046.66 
PgSa 2G9.53 298 33 278.93 12.80 14.66 13.73 876.33 1406.66 1141.50 
P8S4 252.13 270 26 261.20 12.33 13.06 12.70 873.33 1323.33 1098.33 
PsSg 244.06 265.46 254.76 12.20 12.86 12.53 840 00 1223.33 1031.66 
PgSg 218.46 252 06 235 26 11.33 1186 11.60 815.00 1106 66 960.83 
Mean 241.63 268.64 12.24 12.94 836.72 1235.78 
N.B. (i) A uniform basal dose of 40 kg K20/ha was applied in both main plots, 
(ii) P and S were sprayed in two equal splits at 70 and 90 days. 
C D . at 5% CD. at 5% C D . at 5% 
Sub-plot marginal means 3.06 0.18 3.06 
Main plot marginal means 1.33 0.16 5.04 
Main plot means at the same 
level of sub-plot 4.35 0.28 6.12 
Sub-p4ot means at the same 
level of mam plot 4 33 0.26 4.32 
RESULTS AND DISCUSSION their interactions (spray x basal) was found 
The effect of spray treatments (sub- significant for all the characters studied, 
plots), basaS treatments (main plots) and wi th PgSg giving maximum values for pod 
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number/plant, seed yield (Table 1) and oil 
yield (Table 3). Seed number/pod was 
maximum with P6?2' followed closely by 
PgS2 (Table 1) and oil percentage, w i th 
PgSg (Table 2). Soray of RgSg increased pod 
number/plant by 1 9%. seed number/pod by 
2 1 % , seed yield by 31% and oil yield by 43% 
over the control. 
Out of the two basal doses. N60P40 
proved generally better. It increased pod 
number/plant by 1 1 % , seed number/pod by 
6%. seed yield by 41 % and oil yield by 45% 
over N40P20 
Comparing the differences of main plot 
means at the same level of sub-plot, all 
attributes, except oil percentage, were signi-
ficantly higher with spray treatments 
X N60P40 than their counterparts (spray 
treatment x N4oP2o)- Considering all combi-
nations. P8S2 X N60P40 proved best for pod 
number/plant, seed number/pod, seed yield 
and oil yield giving 15%, 15%, 6 1 % and 
54% increase, respectively over its counter-
part (PgSg X N4oP2o)-
Comparing sub-plot means at the same 
level of main plot, all spray treatments 
generally proved better at both basal levels 
than their respective controls. Further, 
P8S2 proved best wi th N60P40 for all attributes, 
except oil percentage. However, wi th N4oP2o. 
spray treatments showed no definite trend. 
It may, therefore, be concluded that 
spray of 8 kg P2O5 -)- 2 kg S on 
plants grown with a basal dose of 
60 kg N -^ 40 kg PgOg 4 40 kg KgO/ha is 
optimum for seed and oil yield of Varuna, 
confirming its high requirement of basal 
nitrogen and phosphorus (Samiullah et al.. 
Table 2. Effect of P and S spray w i th two 
basal doses of N and P on oil 
percentage in mustard cv. Varuna. 
Mean of three replicates 
Foliar treat. B 
(sub-plots) 
PoSo (Water) 
P-zSz 
PtaS4 
P.Se 
P^Sg 
P4S:i 
P4S4 
P4S6 
P4S8 
^6^2 
P6S4 
^6^6 
PeSg 
PsS. 
P8?4 
PsSe 
P8?8 
Mean 
asal trpat 
N40P20 
34 66 
37 53 
39 17 
40.68 
40.85 
39.15 
41.14 
40.12 
39.77 
38 72 
38 99 
40.17 
40.05 
39.65 
39.95 
39.16 
39.36 
39 36 
(mam plots) 
N60P40 
36 11 
38.75 
39.94 
38 85 
38.00 
38 50 
39 07 
38 25 
37.99 
38 00 
38.65 
40.20 
40.04 
38.07 
38.45 
39 95 
39 45 
38 72 
Mean 
35.38 
38.14 
39 55 
39.76 
39.42 
38.82 
40.11 
39.18 
38.88 
38 36 
38 82 
40.18 
40.04 
38.86 
39.20 
39.55 
39 40 
N.B. (1) A uniform basal dose of 40 kg 
K20/ha was applied in both main 
plots. 
(li) P and S were sprayed in t w o equal 
splits at 70 and 90 days. 
C D . at 5% 
Sub-plot marginal means 0.15 
Main plot marginal means 0.08 
Mam plot means at the same 
level of sub-plot 0.22 
Sub-plot means at the same 
level of main plot 0 22 
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Table 3. Effect of P and S spray with two 
basal doses of N and P on oil yield 
(kg/fia) in mustard cv. Varuna. 
Mean of three replicates 
Foliar treat 
(sub plots) 
PoSo (Water) 
PaS... 
P..S4 
PvSe 
P-^ Sg 
P452 
P4S4 
P4S6 
P4S8 
PeS. 
P6S4 
PeSe 
PeSg 
PgSa 
P8S4 
PgSe 
PsSs 
Mean 
Basal treat. 
N40P20 
244.34 
289.25 
316 93 
339 73 
852 93 
337.13 
345 60 
34549 
346 05 
338.79 
338.82 
328.75 
337.14 
347 45 
348.89 
328.97 
320.78 
329 82 
(main plots) 
N60P40 
374 33 
441.10 
468.62 
508.93 
509.19 
489 58 
453 93 
471.10 
482 51 
51869 
501.80 
442.20 
501.16 
535.60 
508 82 
488.71 
436 58 
478 40 
Mean 
309 36 
365.17 
392.78 
424 33 
431 06 
413.35 
399 77 
408.29 
414.28 
428.74 
420.31 
385 47 
419.15 
441.53 
482.85 
408.84 
378.68 
N.B. (1) A uniform basal dose of 40 kg 
KjO/fia was applied in botfi main 
plots. 
(11) P and S were sprayed in two equal 
splits at 70 and 90 days. 
C D . at 5% 
Sub-plot marginal means 2.01 
Mam plot marginal means 1.70 
Main plot means at the same 
level of sub-plot 3.12 
Sub-plot means at tfie same 
level of mam plot 2.85 
1985). Moreover, a highe^ dose of spray 
pfiospfiorus (8 kg P205/fia ttian fiitherto 
recommended for Laha-101 (Naqvi el al.. 
1977; Afridi et al . . 1978: 1983), and for 
Varuna (Parvaiz et al . , 1982; Samiullah et a l , 
1985), IS required in combination w i th 
2 kg S/ha for optimum seed and oil 
yield of Varuna. Obviously, an mcrease of 
about 50% in yield w i th nominal investment 
in the sprayed nutrients should appeal to 
all progressive farmers and may be commend-
ed for general adoption. 
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COMPARATIVE RESPONSE OF TEN VARIETIES OF MUSTARD (BRASSICA JUNCEA L 
CZERN. & COSS.) TO COMBINED SPRAY OF N, P AND S 
F. MOHAMMAD, SAMIULLAH and M.M.R.K. AFRIDI 
Department of Botany, Aligarh Muslim University, Ahgarh-202 001, India 
(ReceivedMy 25, 1985. Fedruary 21, 1986) 
ABSTRACT 
Ten high yielding mustard varieues were grown at Aligarh with tO kg N and 40 leg each of 
P2O5 and K20/ha basaily and were sprayed with 20 Kg N. ii kg P^Os andJlkg S'ha in two 
equal splits at 70 and 90 days. R. 75-2, RL-18, RS-3 and Varuna responded well to NPS spray. 
All four varieties proved at par in giving maximum oil yield. R.75-2 (equalled by Varuna 1 and 
RS-3 gave maximum yield and oil content of seed, respectively . 
INTRODUCTION 
The full realisation of the genetic poten-
tial of improved high yielding vanities 
depends on the application of large amount 
of fertilisers (and other inputs), n-.i-cn of 
which remain unutilised by the crop (Russell, 
1960; Anonymous. 1971). The wastage could 
be prevented by supplemental foliar spray of 
N, P and S on mustard grown with sub-opti-
mal basal fertilisers (Parvaiz et al., 1982, 
Afridi et al., 1983, Mohammad & Samiullah, 
1984. Samiullah et al.. 1 985; Mohammad et 
a l , 1986). 
The availability of several new cultivars 
necessitated af ie ld trial to record their compa-
rative yield response to a con^bmation of 
sub-optimal basal NPK and supplemental foliar 
spray of N. P and S. 
MATERIAL AND METHODS 
A simple randomised field experiment was 
performed on ten varieties of mustard {Brassica 
juncea L Czern, Coss.) at Alioarh m a sandy 
loan (pH-8 . 0; available N-181.1, PiO5-59.0 
and KoO-1080 kg/ha) . The varieties consi-
sted of Appressed Mutant, Pusa Kisan, Pusa 
Kranti, R 75-2, RIK-3. R L - 1 8 , RS-3. T - l l , 
T-16, and Varuna. They were grown with 
a uniform basal dose ol PO kg N -i- 40 kg 
Pi05 -^ 40 kg KjO/fia (NjoPw^^) vvith three 
replications. After surface sterilisation, the 
seeds were sown at the rate of 10 kg/ha In 
10 s q m plots. The sources of soil-applied 
N, P and K were urea, single calcium super-
phosphate and muriate of potash, respectively. 
The plots were irrigated thrice. Weeding 
was performed twice. A uniform spray dose 
of 20 kg N - 8 kg P2O5 -^ 2 kg S/ha was 
applied to all the plots. The nutrient solution 
was sprayed in t w o pqual splits, i.e. half at 70 
days (flowering stage) and the remaining half 
at 90 days (fruit ing stage). The basal and 
spray combination was selected on the basis 
of the authors' earlier experience (Mohammad 
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& Samiullah, 1984; Samiullah et al., 1985; 
Mohammad et al., 1986). A dilute aqueous 
solution of urea, sodium dihydrogen ortho-
phosphate and sodium sulphate was applied 
to tops together with 'Dimecron 100' for 
aphid control (Naqvi et al., 1977; Parvaiz et 
al.. 1982). 
Pods/plant and seeds/pod were counted 
in five plant sampled ramdomly at harvest. For 
hecto-litre weight and total seed yield, the 
entire plot was harvested. Oil was extracted 
by soxhlet apparatus using petroleum ether 
as solvent. Oil yield was computed on the 
basis of oil percentage and seed yield. 
RESULTS AND DISCUSSION 
All varieties showed significant differ-
ences with regard to ail parameters studied 
(Table 1). The data revealed that variety 
R.75-2 gave maximum seed yield (Fig. 1) — 
22.3/0 more than Pusa Kisan (equalled by 
RIK-3) which showed poorest performance. 
It also produced maximum pods/plant and 
seeds/pod, being 38.3% and 14.3%, respecti-
vely more than Pusa Kisan that gave the 
lowest values for these parameters. It may, 
therefore, be inferred that pod number per 
plant and seed number per pod contributed 
most to seed yield in the present study. A 
similar positive relationship between pod 
number and seed yield in mustard has been 
reported earlier also (Mehrotra e ta l . , 1976; 
Parvaiz et al.. 1983; Mohammad et al., 1984). 
Similarly, the importance of seed number per 
pod in increasing seed yield has been stressed 
by Bhan et al. (1975) and Mohammad et al. 
(1984). It may be emphasised that the seed 
yield of Varuna was at par wi th that of 
' R. 75-2. However, in the case of Varuna, 
another high yielder, the contributing factors 
included hecto-litre weight also in addition 
to pod and seed number (Table 1). Such 
contribution of test weight in increasing the 
yield has been emphasised by Agrawal & 
Gupta (1977) also. The present study, 
however, showed that increase in hecto-litre 
weight alone, if unaccompanied by sufficient 
pods per plant and seed per pod, would not 
be able to contribute towards productivity as 
is clearly borne out by the performance of 
Appressed Mutant. This also explains the 
lowest seed yield in Pusa Kisan (Table 1). 
111 J i l l 
n n 
•w ••«.} at-ia •«.) T., 
Fig. 1. Response of ten mustard varieties to spray of 
N20P8S2 in re ation to seed yield (empty 
columns) and oil yield (black columns) with 
a uniform basal dose of Ne 0 P 4 0 K 4 0 . 
It is interesting to note that the maxi-
mum seed yielder in the present trial (Varuna) 
had outyielded other varieties in an earlier 
experiment in which plants were grown with 
the same basal dose (NgoP«|Kio) but without 
supplemental spray of NPS (Mohammad et al.. 
1984). It is, thus, a plus point for this 
presently popular variety as farmers with 
limited resources could continue to grow it 
even without foliar treatment. On the other 
hand, varieties R.75-2. RL-18 and RS-3 
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(which had proved comparatively poor yielders 
in the study mentioned above) gave good 
response to the spray treatment. 
Samiullah et al. (1984) had earlier 
noted that varieties R.75-2 and RL-18 grown 
with either N6oP4»K4o and NIOPJOKM gave good 
response to spray treatment only at the higher 
basal dose confirming their high fertiliser 
requirement. It is also noteworthy that 
Appressed Mutant, which proved compara-
tively good m seed and oil production in the 
study of Mohammad et al (1984), did not 
respond well to the spray treatment presumbly 
due to Its low fertiliser requirement (Samiul-
lah et al., 1984). It may further be noted that, 
inspite of Its low seed \ ie ld , RS-3 was at par 
with R 75-2. RL-18 and Varuna in giving oil 
yield due to its superior oil content (Table 1) 
In brief, a perusal ot the performance of 
the ten varieties, wi th regard to seed and oil 
yield revealed that four varieties, namely 
R 75-2, RL-18. RS 3 and Varuna proved 
well adapted to respond to the combined 
application of basal and foliar nutrients under 
local conditions 
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Effect of Basal Nitrogen and Phosphorus on growth and 
yield of Foeniculum vulgare 
M.M.R.K. Afridi, A.K. Varshney, Samiullah & F. Mohammad 
Dcparlmcnl of Botany, Aligarh Muslim University, Aligarh 
(Accq>ted June 1986) 
The effect of seven basal combinalions of N and P,0, i e N,P„, N^P., N,,P^.N„P,„, N,_P_, N„P„ and N_^ P^ e^ach on growth and 
> icld of Foeniculum vulgare was studied m the field The data revealed that the Ireatmenis enhanced shoot length.ntimbei of branches, 
fresh and dry weight, umbels/plant, umbellcts^mbcl and fruit yield significantly over the control (N_PJ Treatment N^P^* as optimum 
for all the charactensUcs studied 
Effects of mineral nutrients on vanous crops have 
been studied in detail, but little attention has been paid 
to medicinal plants (Gauch, 1972, Afridi« , a/1983) 
Fennel is an important plant in the Ayurvedic, Unani 
and Siddha systems of medicine Its seeds are used as 
laxative, anthelmintic and carminative They arc also 
used extensively for culinary and flavouring purposes 
(Anonymous, 1956) Surprisingly, liillc research has 
been done on the nutniional requu'emcnis of this plant 
(Randhawa el al. 1978. Paliwal & Smgh, 1979) 
ReccnUy, Afndi et al (1983) found that 90 kg N/ha 
and 90 kg PjO/ha were optimum for its growth and 
yield However, as these were the highest doses ap-
plied. It was decided toextend this study by upgrading 
the doses of the two nutrients 
M A T E R I A L S &METHODSScvcncombi-
nauons of N and P.O^  (N„P„, N, /^ , N,„P,„, 
,^20^60'NijoPjo AND N,2DPt2o) ^^rcapplied to fennel 
at sowing (Afndi et al, 1983), in a simple randomised 
field trial conducted at Aligarh InaddiUon,60kgK fi/ 
ha was applied uniformly. Each u-eatmcnt was repli-
cated thnce. Soil charactcrisucs were sand-52.4%, 
Mli-38.6%; clay-9.0%; pH (1 2) - 8.2; EC - 0.3 m 
mhos/cm; available N - 175.57 kg/ha, P-21 9 kg/ha, 
K-954.0 kg/ha; calclum carbonate-low texture-sandy 
loam. 
The details of cultivation and sampling were already 
reported (Afridi et al 1983) except that an addiuonal 
sampling was done al 90 days and umbels/plant and 
umbcllcts/umbe! also were counted at 110 and 130 
days. 
R E S U L T S & DISCUSSION Vegetative 
charactcrisucs Table 1 reveals that grow ih of fennel 
was significant!) affected by combined nitrogen and 
phosphorus application, with 90 kg each of N and 
PPj/ha (N,;^,^) proving opumum for all growth char-
acters at 90, HO and 130 da>s It enhanced shoot 
length by 24,12.9and21 3^c,numbcrof branches b> 
16,24 and 39%, fresh weight b> 33,34&46% and dry 
weight by 60, 36 and 68%, respectively over N^ Pg 
Y I E L D C H A R A C T E R I S T I C S The fa 
vourablc effect of combined nitrogen and phosphorus 
application on growth resulted in significant enhance-
ment in umbels/plant, umbellcis/umbcl and fruit yield, 
with N,;,P,o again proving optimum (Table 1). It gave 
45 and 50% more umbels/plant and 66 and 26% more 
umbellets/umbel at 110 and 130 days, rcspecuvcly. 
This beneficial effect reflected in the fruit yield at 
harvest which was 68% more than m the control 
(NoPo). 
The positive conu-ibution of various growth and yield 
parameters to seed yield of fennel was confuTncd and 
further highlighted by conrclaiion studies (Tabic 2). It 
may be noted that the values for these parameters at 
almost all stages showed a significant positive corre-
lation wi th fruit yield Among the various growth para-
meters, special mention may be made of dry weight at 
130 days which showed a strong correlauon (P<0.01) 
with fruit yield, thus indicating a very favourable par-
titioning of photosynlhates at this stage The contribu-
uon of umbels/plant and umbcllcts/umbcl lo fruit 
yield', parucularly at 130 days, was also confirmed in 
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Table 1 Effect of combined doses of nitrogen and phosphorus on growth 
and yield characteristics of fennel at various stages (mean of three repli-
cates) 
Characteristics 
Shoot length/plant (cm) 
Number of branches/plant 
Fresh weight/plant (g) 
Dry weighl/plant (g) 
Shoot length/plant (cm) 
Number of branches/plant 
Fresh weighi/plant (g) 
Dry weight/plant (g) 
Number of umbels/plant 
Number of umbclleis/umbcl 
Shoot length/plant (cm) 
Number of branches/plant 
Fresh wcjght/plant (g) 
Dry weight/plant (g) 
Number of umbels/plant 
Number of umbcllets/umbcl 
Fruit yield (q/ha) 
N P 
71.56 
8 
145.43 
16.76 
94.96 
8 
171.13 
35.16 
10 
9 
106.26 
10 
237.06 
85.49 
30 
18 
8.54 
Treatments (Quibgtal N and PPj/ha) 
N«P«, 
83.92 
8 
169^0 
21.4 
102.10 
9 
205.70 
41.46 
12 
10 
122.83 
11 
294.63 
107.06 
36 
20 
10.70 
''9(r 90 '^9o"l20 '^ITXrtO 
90 days after sowing 
87.60 
9 
193.30 
26.83 
110 day: 
107.23 
9 
229.40 
47.86 
15 
14 
82.80 84.96 
8 8 
163.40 175.10 
21.93 23.73 
5 after sowing 
%.46 102.23 
8 9 
188.50 215.46 
39.53 45.30 
13 14 
12 11 
130.days after sowing 
128.93 
14 
346.00 
143.32 
44 
22 
14.33 
121.20 125.53 
12 12 
335.80 295.73 
126.05 118.76 
38 37 
20 21 
Harvest 
12.60 11.87 
— 
N P 
84.46 
8 
171.06 
25.80 
101.13 
9 
211.53 
44.33 
14 
13 
125.40 
13 
344.33 
126.57 
42 
20 
12.65 
•^iitr 120 
78.56 
8 
160.00 
17.56 
96.36 
8 
183.36 
35.80 
11 
10 
117.43 
12 
334.26 
121.70 
34 
20 
12.17 
C D at 5% 
5.38 
1.02 
9.88 
3.40 
6.97 
0.96 
10.08 
3.52 
1.62 
1.62 
5.89 
1.59 
25.45 
14.48 
7.52 
4.74 
1.45 
N.B. A uniform basal dose of 60 kg KjO/ha was applied to all the plots 
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Table 2 Correlation of growth and yield characteristics with fruit 
yield of fennel at three growth stages 
characteristics 
Shooi length/plant 
Number of branches/plant 
Fresh weight/plant 
Dr> wcight/plani 
Number of umbcls/planl 
Number of umbellcLs/umbcl 
(n = 7 ) 
Correlation coefficient 
90 d 110 d 
0.821* 0.618 
0.696 0.781* 
0.825* 0.708 
0.757* 0.68.'^  
0.837* 
0.911** 
(r) 
130 d 
0.847* 
0.968** 
0.933** 
0.999** 
0.887** 
0.909** 
* Significant at 5% 
** Significant at 17c 
ilicsc studies and revealed the highly ferule nature of 
the rcprotiuciivc pans. Thus,90kg each of N and P ^O,. 
in presence of 60 kg Kp/ha, is a balanced NPK com-
bination not only during vegetative growth of fennel, 
but also during the critical stage of diffcrcniialion_re-
sponsible for seed production. 
Lastly, It may be noted that the observed optimum dose 
compareti favourably with the findings of Randha\\ a er 
rt/. (1978) and Paliwal & Singh (1979)and confirmed 
the findings of Afridi et al. (1983). 
\(-KN{)\\ I.KDCKMKNT We thank Mr, ML. Sahni of 
lASRI, Ncu Delhi for stati.stical analysis. 
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On enhancing mustard productivity through judicious 
combination of soil and foliar application of nutrients 
F. Mohammad, Samiullah & M.M.R.K. Afridi 
Department of Botany, Aiigarh Muslim University, Aligarh 
(Accepted December 1985) 
In a simplcMndomiscdricldexpcrimcm, the cfTcct of vanous doses of nitrogen and that of the method of N,P and S apphcationon 
pods/plani, sccds/pod, hccto litre weight, seed yield, oU percentage and oil yield of mustard ^ ^nuricayuncfaj var Varuna was studied 
Basal applicalion of 60 kg N (or even 45 kg N)/ha supplemented with ihc foliar application of 20kg N-t-8 kg P,0, + 2kgS/ba (in 
twocqu J spl Its at flowering and fruiting) ensured belter harvest than even 60kg basal N/ha + 30 kg top N/ha, although the latter proved 
supcnor to 90kg basal \/ha alone Applicationof more than 90 kg N/ha either as basal + top-dressing or basal + foliar spray proved 
dclctcnous while 45 kg basal N/ha proved insufficient inspitc of supplemental nitrogen application as top-dressing or foliar spray 
With the introduction of improved high yielding crops, 
intcnswc fcmlvscr apphcauon has become imperative 
for realising their yield potential but this increases the 
cost of the products. Also, about 50% applied N 
(Anonymous, 1971) and 70% P (Russell, 1950) to the 
soil remain unavailable to many crops due to several 
factors It IS, therefore, desu^ble to adopt methods that 
reduce wastage of nutnents without affecting produc-
uvity. 
Spill apphcauon of fertilisers, partly at the time of 
sowing and partly by top-dressing at appropriate gro-
wth stages, IS an established practice; but even this 
results in some loss of the feruliscrs. But foliar spray 
of dilute solutions of nutrients to supplement basal 
application is convenient, efficacious and economical 
for some crops, including mustard ( Afridi & 
Wasiuddm, 1979;Paraviz cfo/., 1982a; Afridi 1983). 
With this m mind a field experiment was conducted on 
mustard (Brassica juncea L. Czem. & Coss.) c v 
Varuna to establish the best dose of nitrogen and 
method of nutrient application out of (1) full basal, (2) 
ba.sal -(• top-dressing and (3) basal + foliar spray. 
M A T E R I A L S & M E T H O D S Tbe 
otpcnmcnt was conducted m field at Aligarh in a 
sandy loam soil (Jti - 8.2; available N, PPjEnd K^O 
-191,55 and 1148 kg/ha. respectively) with ihe vari-
ety, Varuna which is found to perform best under local 
conditions Paraviz, 1980; Mohammad et ai, 1983, 
1984). The experiment was conducted according to 
simple randomised block design. The ten irealmcnts 
selected for study (Table 1) were partly based on the 
authors, earlier experience (Mohammad et ai, 1985, 
1986. Simtullaheffl/., 1985). Each of these ueaunents 
was replicated thrice. 40 kg each of basal PjOj and 
KjO/ha was applied unifonmly. The size of each plot 
was 10 sq m and the seed rate was 10 kg/ha 
The sources of soil-applied nitrogen, phosphorus and 
potassium were urea, calcium superphosphate and 
munateof potash, respectively. Leaf-applied niu-ogen, 
phosphorus and sulphur were supplied in the form of 
aqueous solutions of urea, sodium dihydrogen 
orlhophosphateand sodium sulphate, respectively. An 
insecticide 'Dimccron 100' with water only or with 
nuuients, at the uniform rate of 250 ml/ha, was 
sprayed on all the plots to conutjl aphid at flowering 
and fruiting stages. The field received three irrigations 
and two weedings between sowing and harvesting. 
Unifonn thinning was done at first weeding in all the 
plots. 
Data were collected at harvest. Five plants were 
randomly sampled from each plot for the count of pods/ 
plant and seeds/pod. For seed yield and hecto-liu-e 
weight of seeds, the entire plot was harvested. Oil was 
extracted by Soxhict apparatus using petroleum ether 
as solvent for determining oil percentage in seeds 
Total oil yield was computed on the basis of oil percent-
age and seed yield. 
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Table 1 : Scheme of treatments 
Treatment 
BN9O+FW (control) 
N90 ' N 2 0 
R + T 
^N45 + T"N45 
^ N 9 0 + P N 2 0 
^NW + F N » 
^K45 + F N 2 0 
B +F 
" N 9 0 ' N2GP8SZ 
R 4- P 
B +F 
OHAMMAD et aL 
Nutrient applied (kg/ha) 
Basal dressing 
(B) 
N 
90 
90 
60 
45 
90 
60 
45 
90 
60 
45 
Top-dressing 
(T) 
N 
-
20 
30 
45 
-
-
-
-
-
-
Foliar spray 
(F) 
N + P p , + S 
Water 
-
-
-
2 0 + 0 + 0 
2 0 + 0 + 0 
2 0 + 0 + 0 
2 0 + 8 + 2 
2 0 + 8 + 2 
2 0 + 8 + 2 
Total N 
90 
no 
90 
90 
110 
80 
65 
no 
80 
65 
A uniform basal dose of 40 kg PPj and 40 kg K^O/ha was added to the soil. 
Top-dressing and foliar spray were given in two equal splits at 70 days 
(flowering stage) and 90 days (fruiting stage) of plant growth. 
RESULTS & DISCUSSION- It is evident from 
Table 2 that the yield characteristics were affected sig-
nificantly by various doses of applied N and the meth-
ods of nutrient application. Treamieni B^^ + F^ jj^ pg^ j 
proved best for almost all yield attributes, including 
seed and oil yield giving 23.8% more pods/plant, 3.0% 
more seeds/pod and 0.8% higher heclo-litre weight 
than the control. The beneficial effects contributed 
cumulatively to an increase of 14.3% in seed yield by 
this treatment as compared to control (8^,^+ F^). This 
is corroborated by correlation studies that showed pod 
number (r= + 0.787), seed number (r = + 0.670) and 
heclo-litre weight (r = + 0.548) to be significantly and 
positively correlated with seed yield (Fig. 1). It is note 
worthy that although the oil percentage in the opti-
mum treatment was at par with that in the control, total 
oil yield in the former was 13.1% higher, supporting 
the above statement. Treatment B^^ + FN2OWS: * ^ 
followed- by B ,^^ , + F^ j^ pg^ j with regard to the effect on 
seed and oil yield. The lowest seed yield was noted in 
Bj.,0 + Tj,jg and the lowest oil yield in B,^ + F^ .^ ,^, 
being 2.1% and 10.8% less resjjeclively, than the 
control. It confirmed our earlier findings 
(Mohammad et al., 1985) that application of more 
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than 90 kg N/ha is dcirimcntal for mustard. 
Of Ihc three top-dressing treatments, B^ .^ ^ + T^ j^^  
surpassed B .^,„ + F^. the control, by 3.6% for seed 
yieldandby2.5% foroilyield(Tablc2).However,like 
" N 9 0 •*" NM discussed above, B^^^ + T .^^ , failed to 
compete with the control (B^,;, + F,^ ,) in .seed and oil 
yield. This could be explained on the basis of the 
established high basal nitrogen requirement of most of 
the improved varieties of crops, including mustard 
(.Paraviz 1980; Paraviz et al., 1982b; Afridi et al., 
1983; Mohammad et al., 1985,1986; Samiullah et al., 
1985). The basal dose of 45 kg N/ha appeared insuf-
ficient for proper maintenance of the plants during 
early vegetative phase, causing retarded growth. This 
" hidden hunger", ultimately resulting in poor repro-
ductive growth, was also reflected in the limited pod 
and seed development and consequently lowered 
yields. 
on comparing the spray treatments of nitrogen with 
top-dressing (Table 2), the data confirmed the superi-
ority of spray over lop-dressing, as also noted by Barat 
«£Z)a.v (1962, for maize. Thus, B^^ + F^ .jg proved 
superior to B j^o + 1^-^ on the basis of higher yield as 
well as causing a saving of 10 kg N/ha. On the other 
hand, B^ .^ ^ + F^ .^ ^ which was at par with B ,^^ . + T,. 
in seed yield, showed a saving of 25kg N/ha. 
Comparing the effect of treatments B^.^ + F 
B N « + pN2<«s2andB^,j-H Fv20MS2 w ' l h B^.,0 + 
N20PSS7 
F. 
B. + F . and Bj.^j + 
N2D 
respectively, it was 
Table 2 Effect of various doses of nitrogen and methods of nutrient application onyield 
characteristics of mustard cv.Varuna (mean of three replicates) 
Yield 
para-
meter 
Pods/ 
plant 
Seeds/pod 
Hecto-
BN90 
+ 
Fw 
BN90 
-I-
T 
(control) 
375 
13 
litre weighi68 
(kg) 
373 
13 
68 
^ N M 
+ 
T 
424 
13 
68 
^ N - t S 
+ 
T 
330 
13 
68 
BN90 
+ 
F 
370 
13 
67 
"SNeo 
+ 
F 
' N20 
446 
13 
68 
BN45 
+ 
F 
N20 
— • 
350 
12 
68 
^ N S O 
+ 
F 
N20PSS2 
401 
14 
68 
BN60 
+ 
F 
N20P8S2 
464 
14 
68 
BM, C.D. 
+ at5% 
F 
N20P8S2 
376 9 
13 0.3 
69 0.1 
Seed yield 
(kg/ha) 1365 
Oil per cent 35.4 
Oil yield 483 
(kg/ha) 
1336 
34.6 
462 
1414 
35.0 
495 
1341 
34.7 
464 
1339 
32.2 
430 
1435 
32.9 
472 
1355 
33.7 
456 
1417 
34.8 
493 
1561 
35.0 
546 
1470 14 
35.1 0.4 
516 7 
A uniform basal dose of 40kgP ^O, and 40 kg KjO/ha was added to the soil. 
Top-dressing and foliar spray were given in two equal splits at 70 days (flowering stage) 
and 90 days (fruiting stage) of plant growth. 
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noicd that addition of phosphorus and sulphur to 
nitrogen spray enhanced both seed and oil yield signifi-
cantly. This is further confirmed by the findings of the 
treatment of B^^ o + F^ ,jopgs7 compared to those of Bj,„ 
+ Ff.^ and B^^ +TN2O -AH the three treatments 
provided 20 kg N/ha over and above the optimum 
nitrogen dose for Varuna mustard (Mohammad et al., 
1985) either by foliar spray or by top-dressing. 
However, additional supply of phosphorus and sulphur 
m B ,^5 + Fjjjopgsj produced 6.0% and 5.8% more seed 
and 6.7% and 14.5% more oil than that of B^^ + T ^ 
and Bj.,„ + F^.^ respectively, although the optimum 
u-eatmcnt (B^^ + Fj^ j^ p^ jj) increased seed production 
by 10.2% andoifT^-oductionby 10.8% compared with 
N90 K20PSS2 
F 
thfit of the tr«^atmcnt of B 
Similarly .comparison of the effects of Bj,„ 
with those of B^^ 5 + F^,^ and B^^, + T^^^ also sub-
staniiaies the beneficial role of phosphorus and sulphur 
as foliar spray, thus confirming our earlier findings 
(Paravizera/., 1982a,Afridiera/., 1983;Samiullaher 
a/. 1985). 
It may, therefore, be concluded that: (1) B. „ (or even 
BMO + FN (in two equal splits at Howering and 
fruiling)ensured better harvest than Bj^ ^^  or 6,,^ ^+T^^^ 
(which proved better than B^,;^ or even Bj,^ + F^^ 
which out yielded the latter two treatments; 
(ii) application of more than 90 kg N/ha either as basal 
+ top-dressing or basal + spray proved deleterious; and 
(ill) application of 45 kg N/ha at the time of sowing 
proved insufficient inspiic of supplemental nitrogen as 
top-drcssing or spray 
llma\bceinphasiscd,howcvcr,that where faciliuesfor 
spra\ application arc not available, mustard varicl\ 
Varuna may be given a basal dcso of 60 kg N^a 
follo\\ed by top-drcssing with 30 kg N/ha in two equal 
splits one ai the time of flowering and another at the 
fruiung stage to ensure increased > icid compared with 
basal applicauon of 90 kg N/ha 
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NITROGEN REQUIREMENT OF 
LEMONGRASS FOR OPTIMUM PERFORMANCE 
IN WESTERN UHAR PRADESH 
Samlullah, A.K. Varshney, M.M.R.K. Afrldl, P. Mdharanad and S.H. Afaq 
ABSTRACT 
A alnple randcxnlsed field experiment was conducted at Allgarh, 
with 8 levels of basal nltrogai doses and three harvests to study the 
effects on h e l ^ t , culms, leaves, fresh and dry weight, herb yield, 
oil content, o i l yield and cltral content of lerocaigrass (CYMBOPOGCW 
PUEDOJOSUS Nees ex Steud Wats. Var. flexuosus). Application of 
nltrogei showed significant effect, with 300 kg N/ha proving optimum 
for almost a l l characters under study. 
Lemcmgrass Is one of the roost Important essential o i l yielding 
crops. Ihe o i l Is a rich source of c l t r a l , vrtiich is mainly used as a 
basic raw material for manufacturing many arornatic chemicals in the 
pharmaceutical, perfumery, soap and cosmetics industr ies. In addition, 
the oil Is used for the production of B-ionone and vitamin A. 
According to a report of the Indian Ins t i tu te for Foreign Trade, 
export of CYMBOPOGKMJ and CITRONELLA oi l during 1981-82 was valued at 
Rs. 11.6 million. Kerala state was the prime producer of this o i l 
(estimated to be 750 MT as against the to ta l production of 800 MI in 
the vftiole country) but the demand (including the export need) was 
reported to be 1300 MTl. Considering i t s danand against production, 
there is considerable scope for expansion of lanongrass cultivation. 
However, for Introducing a crop in any environment, i t is 
Iniperatlve to work out the precise package of farm practices needed 
for optimum performance. Keeping this in view, a field t r i a l was 
COTiducted at Aligsirh (Western Uttar Pradesh) to establish the nitrogen 
requirement of th is crop, after a preliminary t r i a l had shown 
«icouraglng performance of the crop under local conditions". 
Department of Botany, Allgarti Muslim University, Aligarh-202002. 
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MAISaiaJS ANDMESSODS 
The experiment vras conducted at Allgarti In sandy loam soil (pH-
8.2, available nitrogen - 163 kg NAia, phosphorus-57.2'i kg P/ha and 
potassium - 1,003 kg iC^). Eight levels of urea nitrogen (150, 200, 
250, 300, 350, 400, 450 and 500 kg N/ha) were applied basally In 4 sq 
m plots. Phosphorus (75 kg P205/ha) and potassium (60 kg K20/ha), in 
the form of superphosfdiate and muriate of potash respectively, were 
added uniformly to all the plots. The design of the experiment was 
simple randomised and each treatment was replicated thrice. 
The slips of lancxigrass obtained Trota the Central Institute of 
Medicinal and Aromatic Plants, Lucknow, were transplanted during the 
last week of March, keeping a spacing of 50x50 cm between the plants 
and rows, "nie first, second and ttiird cut were taken 120, l80 and 240 
days respectively after planting of the slips. Randcan sanples of three 
plants were collected at every cut to study shoot len^t, culm and 
leaf number and fresh and dry weight per plant. In addition, total 
herb yield was noted at every cut. The extraction of the oil fran 
leaves was done through steam distillation with the help of clevenger 
apparatus. TJie percentage of essential oil was expressed on fresh" 'as 
well as dry weight basis. For estimation of citral content, the oTl 
was analysed by gas chpc«natography using SE-30-coluran, nitrogen gas -
carrier and hydrogen gas - fuel at 140^0. Total yield of oil in each 
treatment was calculated on the basis of herb yield/ha. Values of ttie 
first, second and third cut were ccxiputed for pooled analysis. 
RESULTS AND DISCUSSION 
The pooled data of the three cuts (Table 1) revealed that the 
effect of nitrogen application was significant on all characteristics 
studied. Prom these results, it may be inferred that nitrogen 
application benefited growth, yield and quality of leincaTgrass. 
^plication of 300 kg N/ha proved optimum for almost all 
characteristics studied. 
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The data broadly confirm the findings of earlier workers cm 
other varieties of lemongrassS-M. it is noteworthy that the oil 
content was maxlraum in the treatment ^50 kg N/ha probably due to its 
adverse effect on herb yield. However, for total oil yield, this level 
proved inferior to 300 kg NAia and was at par with that in 250 kg 
N/ha. Like growth and yield attributes, maximum citral ccmtent was 
given by 300 kg N/ha, with 150 kg N/ha giving the lowest values for 
most yield characteristics (Table 1). Similar beneficial effects of 
nitrogen have been reported 2-5. 
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EFFECT OF SOIL-AND LEAF-APPLIED PHOSPHORUS ON THE 
YIELD AND QUALITY OF LINSEED 
Indian S. Plant Physiol, Vol. XXXII. No. 1, pp. 15-30. (March 1989) 
EFFECT OF SOIL-AND LEAF-APPLIED PHOSPHORUS ON THE 
YIELD AND QUALITY OF LINSEED' 
FIROZ MOHAMMAD 
Botany Department, Aligarh Muslim University, Aligarh-202 002 
(Received May 12, 1989) 
SUMMARY 
A factorial randomised field experiment was conducted on linseed {Linum usiiatis-
simum L. var. LHS-1) with basal phosphorus (10, 15, 20 kg P/ha) constituted one variant 
and leaf-applied phosphorus (0, 1,2, 3 kg P/ha), applied in two equal splits at 70 and 90 
d, the other. In addition, 100 kg basal N/ha was applied uniformly at the time of 
sowing. Capsules/plant, seeds/capsule, hecto-litre weight, seed yield, oil content, oil 
yield and iodine value were studied at harvest. The treatments affected all parameters 
significantly. 15 kg basal P/ha and 1 kg spray P/ha proved to be optimum for most of 
the parameters separately as well as in combination. For example, plants grown with 15 
kg basal P/ha supplemented with spray of 1 kg P/ha gave 11.6 percent more seed yield 
and 14.6 percent more oil yield compared to the control, (grown with IS kg basal P/ha 
and sprayed with deionised water only). 
INTRODUCTION 
High yielding varieties of crop plants require large quantities of fertilisers for 
their optimum performance. Much of the applied fertilisers, e.g. about 70 percent 
nitrogen (Anonymous, 1971) and 50 percent phosphorus (Russell, 1950), is rendered 
unavailable to plants as they reach maturity due to factors such as leaching, decom-
position, fixation, etc. It is, therefore, h'ghly desirable to adopt cultural methods 
that could reduce this wastage without affecting yield and quality. Spray of dilute 
soluaons of nutrients at appropriate growth stages to supplement those applied 
basally has proved very efficient and economical (Afridi and Wasiuddin, 1979; 
Afridi er a/., 1983; Mohammad er o/,, i987). Keeping these points in view, a field 
experiment was conducted on linseed, a crop considered important for its various 
economic uses, including oil production, to determine the optimum combination of 
basal and foliar phosphorus application on the basis of yield and quality. 
1. Adjudged the best paper in the Young Scientists'Session of the National Seminar on Plant 
Physiology Research Imperatives for the Nineties held at Kanpur (1989). 
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MATERIAL AND METHODS 
A factorial randomised field experiment was conducted in 10 sq m plots at the 
agriculture farm of the Aligarh Muslim University, on linseed {Unum usitalissimum 
L. var. LHS-l). Three levels of basal phosphorus (BP), i.e. iQ, 15 and 20 kg P/ha 
(BPIO'BP15 andBP20) formed one variable and four levels of foliar phosphorus 
(FP), i.e. 0 (water), 1,2 and 3 kg P/ha (FPo' FP, 'FPi and FP3), the other. The 
source of basal phosphorus was monocalcium superphosphate and of foliar phos-
phorus, sodium dihydrogen orthophosphate. In addition, a uniform basal dose of 
nitrogen (urea) at 100 kg N/ha was applied to the soil (texture : sandy loam; pH 
(1:2): 7.9; E.C. (1:2): 0.58 m mhos/cm; available N, P and K : 198.5, 23.4 and 
278.9 kg/ha respectively) at the time of sowing. The spray treatments were given in 
two equal splits at 70 and 90 d, corresponding to flowering and fruiting respectively. 
Each treatment was replicated thrice. Normal cultural practices were followed as 
and when required. Capsules/plant, seeds/capsule, hecto-litre weight, seed yield, oil 
yield and iodine value were studied at harvest. Oil was extracted by Soxhiet appra-
tus, using petroleum ether as solvent. Oil yield was computed on the basis of seed 
yield and oil yield. Iodine value was determined using iodine monochloride solution 
(Anonymous, 1970). 
RESULTS AND DISCUSSION 
The effect of the basal treatment, spray treatment and their interactions was 
found to be significant for all the characteristics studied (Tables I and II). 
Application of 15 kg P/ha proved to be optimum. It increased capsules/plant 
by 43.2 percent, seeds/capsule by 3.7 percent, hecto-litre weight by 0.7 percent, seed 
yield by 8.2 percent, ojl content by 1.1 percent and oil yield by 9.4 percent and 
decreased iodine value (signifying unsaturated fatty acids) by 1.4 percent (Table I and 
II). 
Spray phosphorus also enhanced most of the attributes. However, application 
of more than 1 kg P/ha was formed uneconomical or even deliterious for many 
characters. Regarding interaction effect, application of 15 kg basal P/ha and spray 
of 1 kg P/ha was found optimum for most of the parameters. 
The higher seed and oil yield of linseed observed in the present trial may be 
traced to the ameliorating effect of the applied phosphorus on various yield attributes 
(Table I). A perusal of Table HI clearly indicates significant positive correlations 
between (i) capsules/plant and seeds/capsule (r=0.382, P<0.05) and (ii) hecto-litre 
weight and oil percentage (r=0.574, P<0.01). These understandably result in the 
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observed significant positive contribution (P<0.01) of capsules/plant (r=0.648) and 
hecto-litre weight (r=0.540) towards seed production. 
Table I. Effect of soil-and leaf-applied phosphoius on capsules/plant, seeds/capsule, 
hecto-litre weight and seed yield of linseed 
Foliar phosphorus (FP) 
treatments (kg P/ha) 
0 (water) 
1 
2 
3 
Mean 
C D , at 5% 
0 (water) 
1 
2 
3 
Mean 
C D . at 5% 
0 (wat.r) 
1 
2 
3 
Mean 
C D . at 5% 
0 (water) 
1 
2 
3 
Mean 
C D . at 5% 
Basal phosphorus (BP) treatments (kg P/ha) 
10 
35.00 
45.33 
38.00 
37.33 
38.42 
Bp -3.47 
8.0 
8.2 
8.7 
8.1 
8.2 
Bp =0.23 
15 
Capsulesjplant 
52.33 
68.00 
55.00 
44.67 
55.00 
Fp - 4.01 
Seedsjcapsule 
8.3 
8.7 
8.7 
8.2 
8.5 
Fp =0.27 
Hecto-litre weight {kg) 
69.5 
70.0 
70.1 
68.8 
69.6 
Bp =0.11 
1300.00 
1510.00 
1380.00 
1400.00 
1397.5 
Bp =20.17 
70.0 
70.4 
69.9 
70.0 
70.1 
Fp =0.13 
Seed yield {kg Iha) 
1470.00 
1640.00 
1550.00 
1390.00 
1512.5 
Fp =23.29 
20 
56.00 
61.67 
58.67 
48.33 
56.17 
^P X^P = 
8.8 
8.8 
8.4 
8.6 
8.6 
^P x'^P 
68.8 
69.5 
69.6 
68.8 
69.2 
^ x ^ ^ P ' 
1380 00 
1640.00 
1510,00 
1200.00 
1432.5 
= 6.95 
=0.47 
^0.22 
Bp ^ F p =40.34 
Mean 
48.78 
58.33 
40.89 
43.44 
8.4 
8.6 
8.6 
8.3 
69.4 
70.0 
69.9 
69.2 
1383,33 
1596.67 
1480.00 
1330.00 
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Table II. Effect of soil-and leaf-applied phosphorus on oil content, oil yield and 
iodine value of linseed 
Foliar phosphorus (FP) 
treatments (kg P/ha) 
0 (water) 
1 
2 
3 
Mean 
X . D . at5% 
0 (water) 
1 
2 
3 
Mean 
C D . at 5% 
0 (water) 
1 
2 
3 
Mean 
C D . at 5% 
Basal phosphorus (BP) 
„ _ __^_ 
10 
41.30 
42.10 
41.97 
41.27 
41.66 
Bp =0.23 
536.93 
635.72 
579.14 
577.72 
582.38 
Bp =9.72 
185.47 
183.50 
183.27 
182.17 
183.60 
Bp =0.46 
15 
Oil content (%) 
41.80 
42.93 
41.77 
41.93 
42.11 
Fp =0.26 
Oil yield (kglha) 
614.51 
704.11 
647.38 
582.87 
637.22 
Fp =11.22 
Iodine value 
182.27 
181.70 
181.87 
178.20 
181.00 
Fp =0.53 
treatments (kg P/ha) 
20 
41.13 
40.73 
40.73 
41.67 
41.07 
^ P x F p = 
567.68 
668.06 
615.09 
499.99 
587.70 
Bp x F p = 
177.10 
180.57 
176.30 
176.13 
177.53 
B p X F p = 
=0.46 
Mean 
41.41 
41.92 
41.49 
41.62 
573.04 
669.30 
613.87 
553.53 
= 19.44 
0.92 
181.60 
181.92 
180.48 
178.83 
Table III. Correlation coefficient <T) between different pairs of yield and quality 
characteristics of linseed 
Characteritics 
Capsules/plant 
Seeds/capsule 
Hecto-litre weight 
Seed yield 
Oil percentage 
Seeds/capsule 
0.38:* 
— 
— 
— 
— 
n=36 
Hecto-litre 
weight • 
0.196 
0.064 
— 
— 
— 
Seed yield 
0.648** 
0.252 
0.540** 
— 
— 
Oil percentage 
0.052 
—0.046 
0.574 
0.139 
— 
Iodine value 
—0.418* 
—0.278 
0.427* 
0.170 
0.288 
» Significant at 5% 
•*Significant at 1 % 
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The observed effect of phosphorus on yield attributes may be explained on the 
basis of its involvement in eneigy transfer processes; cell division, enlargement and 
differentiation; flower initiation, and partitioning of photosynthates between source 
and sink, (Marschner, 1986; Devhn and Witham, 1986). Beneficial effects of the 
apphcation of basal phosphorus on linseed, have also been recorded by Prashar 
et al (1968), Smgh and Singh (1978) and Samiullah et al. (1982), however no report 
in the literature is available on the response of hnseed to foliar application of phos-
phorus. However, its ameliorating effect on growth, yield and quality of rapeseed-
mustard has been reported (Naqvi et al, !977; Afridi et al, 1978; 1983). It may be 
stated that phosphorus application in the form of spray could be used successfully to 
enhance yield and quality of linseed, if applied at the appropriate stages of growth 
as a supplement to a low basal dose of the nutrient. 
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M()RPHOPHYSIOLO(;Y OF MISTARU VARIETIES IN RELATION TO 
THREE SOWINC. DATES. 1. (IROWTH CHARACTERISTICS 
F. M O H A M M A D . S A M U I . L A H - . M M . R . K . A F R l D l ' A N D N A F E E S . A . K H A N " 
AhMr^irl 
Ottvihcr 22 prmcd >:oncr;illy a better sii^in;: date (nr the muxtaril varieties 
Appressed Mulaii l . R 72-2. RI-IS. T - l l . T - l l . T l h and Varuna. The ovcrail 
performance (if the variclieN » a \ in the order: r - l l > T - l h > Varuna > Appres^vd 
Mutant = R.75—2> R l . - l N . The varietieN T - l l . T - 1 6 and Varuna sown on 
October 22 pcrtormed the beM tor m<»t growth parameters, parlieularly dry *eight 
of erain\ at eaeh Nampling. 
Introduction 
Oilseeds play an important role in the agricultural economy of any countp. 
as they rank next to cereals. It is. therefore, highly desirable to increase the 
productivity of oilseeds to meet the increasing demand. With the release of 
new crop varieties, it has become important to work out the precise package 
of farm practices for each agro-climatic region for economic exploitation of 
their full genetic potential. The determination of the optimum sowing date of 
a crop is, therefore, of foremost importance." It is also equally essential to 
select the cultivars that exhibit maximum adaptability to a particular region. 
Keeping these considerations in view, a field experiment was undenaken at 
Aligarh to select the optimum sowing date for the cultivation of six high 
yielding varieties of mustard and to select the varieties better suited to local 
conditions. The present study deals with their growth behaviour under the 
three sowing dates. 
Materials and Methods 
In a factorial randomized block design, six varieties of mustard [Brassica 
juncea L. Czem & Coss.), namely Appressed Mutant, R 75 - 2, RL -18, T-ll, 
T-16 and Varuna, were sown in sandy loam soil (pH 8.1, available N. P and 
K 205, 23 and 896 kg/ha, respectively) on three dates viz., October 22. 
November 1 and November 11 with three replications. After surface sterilization, 
the seeds were sown at the rate of 10 kg/ha in 10 sq. m plots. Urea (60 kg 
N/ha), Calcium superphosphate (40 kg P205/ha) and muriate of potash (40 kg 
K20/ha) were applied uniformly. The plots were irrigated thrice. Weeding was 
done twice. Plant height, number of leaves, fresh weight and dry weight per 
plant were recorded 50, 70 and 90 days after sowing, representing the vegetative, 
flowering and fruiting stages, respectively. 
Lecturer. "Reader. -Professor and Senior Research Fellow. Botany Department. Aligarh .Muilim 
University. Aligarh -202l)t)2. India 
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Results and Discussion 
A l l growth characteristics were found to be significantly affected by sowing 
date. Varietal differences and sowing date-variety interaction effects were also 
significant (Table 1 and 2). 
October 22 sowing gave the maximum, and November 11, the minimum 
height, number of leaves, fresh weight and dry weight per plant at all three 
growth stages, except plant height at vegetative stage, which was maximum in 
November 1 sowing (Table 1 and 2). The October 22 sowing exhibited an 
increase of 16.5% in number of leaves, 17.5% in fresh weight and 19.5% in 
dry weight at vegetative stage when compared with the respective values for 
November 11 sowing. The increase became more pronounced at flowering and 
fruiting stages, being 42.7% and 9% for plant height, 106.8% and 82.9% for 
number of leaves, 40.4% and 35.7% for fresh weight and 38.5% and 16.1% 
for dry weight, respectively. 
Among the varieties, there was no marked difference in height at vegetative 
stage. However, keeping all stages in view, Varuna, T—11 and T-16 gave 
maximum height at vegetative,'flowering and fruiting stages, respectively. 
Appressed Mutant registered the lowest height at all three growth stages. Like 
plant height, no pronounced differences were found in number of leaves among 
varieties, particularly at vegetative stage. However, maximum number of leaves 
was noted in Varuna at vegetative stage, and in'T—11 and T—16 at flowering 
as well as fruiting stages. Variety RL - 18 gave the lowest number of leaves 
at vegetative and flowering stages but at firuiting stage, it showed considerable 
improvement. Fresh weight and dry weight per plant were comparatively higher 
in T—11, T—16 and Varuna than in others, with the lowest fresh and dry 
weight being noted in RL-18 at all growth stages. 
Considering the interaction effects, T—11, T—16 and Varuna performed more 
or less equally well when sown on October 22 with regard to most growth 
parameters. 
Differential response to sowing date is often observed in varieties erf the 
same crop as a result of the effect of soil moisture and/or temperature at 
germination which determines plant growth. As the crop grows, the prevailing 
air and soil temperatures and duration and/or intensity of day light also play 
a critical role in sensitive plants. Varietal differences are a manifestation of 
this response. The present data are in accordance with our earlier findings on 
yield and quality response of 10 varieties of mustard (Mohammad et al., 1984) 
and on growth and yield performance of varieties of mustard (Mehrotra el al., 
1976). 
More or less the same trend was noted in yeild characteristics, particularly 
seed yield. This inference is further supported by corrleation studies (Table 3) 
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which clearly show significant associations between growth characteristics and 
seed yield. 
It may, therefore, be concluded that T-11, T-16 and Varuna showed greater 
adaptability to local conditions and should preferably be sown around October 
22 for full exploitation of their genetic potential. 
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THREE SOWING DATES II. YIELD PERFORMANCE 
F. MOHAMMAD, SAMIULLAH, M M. R. K. AFRIDI and NAFEES A KHAN 
Botany Department. Aligarh Muslim University, Ahgarh 202 002. India 
{ReceivedSeptember 15, 1987. Revised August 22, 1988) 
Key words ' Mustard, sowing dates, yieid 
The perpetual scarcity of edible oil in priority. It was, therefore, decided to lay 
the country has brought oil seeds into lime- out a field trial at Ahgarh on six new high 
light m recent years it has been agreed yielding varieties of mustard. These were 
that concerted efforts to increase oil seed sown on three dates in October-November 
production are a national necessity of high to select the best sowing date and most 
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responsive variety, on the basis of their yield 
performance, under local conditions, so as to 
determine their nutritional and other require-
ments in field trials to fo l low. 
Seeds of the six varieties of mustard 
(Brassica juncea L Czern. & Coss.) selected 
for the field trial, namely Appressed Mutant, 
R. 75-2, RL-18, T-11, T-16 and Varuna, were 
procured from the I.A R I. Regional Station, 
Kalyanpur, Kanpur After surface sterilisation, 
the seeds of each variety were sown at the 
rate of 10 kg'ha in l O s q m plots in sandy 
loam soil (pH-8.1, available N, P and K-205, 
23 and 896 kg ha, lespectively) on three 
dates, VIZ., 22 October 1 November and 11 
November wi th three replications The design 
of the experiment vias fectorial randomised, 
varieties constituting one variant and sowing 
dates, the other Urea (60 kg N ha), super-
phosphate (40 kg PoOo ha) and muriate of 
potash (40 kg K2O ha) were applied uni-
formly at sowing. The plots were irrigated 
thrice. Weeding was undertaken twice. At 
harvest, pod number plant, seed number/poo, 
hecto-litre weighi seed yield (kg ha) and 
oil yield (kg ha) were noted Oil was 
extracted by soxhiet apparatus, using petro-
lium ether as solvent Oil yield was computed 
on the basis of oil percentage and seed 
yield. 
Correlation studies were undertaken to 
determine critically whether or not, and 'f so, 
to what degree the various yield characteris-
tics contributed t o f i n f l seed yield 
It IS evident from Table 1 that sowing 
on 22 October proved best for yield chara-
cteristics. It resulted in maximum pod 
number/plant, seed number pod, hecto-litre 
weight, seed yield and oil yield, being 78.7, 
5 9, 3 2, 43 4 and 50% higher, respectively 
than in the crop sown on 11 November which 
gave the lowest values Maximum pods/ 
plant, seeds pod, hecto-litre weight, seed 
yield and oi | yield (but not oil percentage) 
were recorded in Varuna. T-11 and T-16 
were next to Varuna in seed and oil yield. 
Under the conditions of the trial, lowest seed 
yield was noted in RL-18, and oil percentage 
and oil yield in Appressed Mutant 
T-11 22 October, T - 1 6 x 2 2 October 
and Varuna v 22 October proved better than 
other interactions for seed and oil yield as 
well as for other characteristics. 
It may be noted from the results that 
the date of sowing greatly influenced the 
yield performance of mustard varieties. In 
fact sowing on 22 October also resulted in 
better growth (Mohammad et al., m press) 
than that on the other two dates which 
would have been reflected in the higher 
v'alues for pod number, seed number, hecto-
litre weight and oil percentage noted in the 
present study These yield attributes, in 
turn, would seem to be expected to establish 
the superiority of this sowing date cumulati-
vely by resulting in the observed highest 
seed and oil yield These findings broadly 
confirm the earlier data on other mustard 
varieties (Singh et al , 1978; Bishnoi & 
Singh, 1979 a, b, Shastry & Kumar, 1979) 
based on trials conducted in areas of western 
Uttar Pradesh and Haryana adjoining Aligarh 
Among the varieties tested, T-11, T-16 
and Varuna performed better than the others 
Thus, Varuna gave 12.7% more seed yield 
than RL-18, which gave ihe lowest value 
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Table 1. Effect of sowing date on yield characteristics of mustard (mean of threa 
replicates). 
Sowing 
date 
(D) 
22 Oct. 
1 Nov. 
11 Nov. 
Mean 
C. D. at 5% 
22 Oct. 
1 Nov. 
11 Nov. 
Mean 
C. D. at 
22 Oct. 
1 Nov. 
11 Nov. 
Mean 
C. D. at 
22 Oct. 
1 Nov. 
22 Nov. 
Mean 
C. D. at 
22 Oct. 
1 Nov. 
11 Nov. 
Mean 
5% 
5% 
5% 
C. D. at 5% 
Appressed 
Mutant 
439.00 
300.00 
247.00 
328.66 
D-8.481 
12.33 
11.40 
11 66 
11.80 
D=0.166 
68.80 
68.44 
63.66 
66.96 
D=0.218 
1058.30 
870.00 
710.33 
879.54 
D=10.467 
351.91 
287.38 
224.57 
287.96 
D = 3 838 
R. 75-2 
326.00 
203.00 
180.00 
236.33 
11.80 
11.06 
10.33 
11.06 
67.43 
67.02 
66.00 
66.81 
1000.00 
803.33 
711.33 
838.22 
359.03 
288.26 
236.11 
294.46 
Varieties 
RL-18 
Pod number 
351.00 
236.00 
200.00 
262.33 
V = 11.991 
Seed numbe 
10.40 
9.80 
9.80 
10.00 
V=0.23E 
T-11 
per plant 
443.00 
280.00 
234.00 
319.00 
r per pod 
12.33 
11.40 
11.40 
11.71 
T-16 
445.00 
301.00 
250.00 
332.00 
Varuna 
452.00 
320.00 
263.00 
345.00 
D y V = 2 0 . 7 7 0 
10.80 
11.40 
11 46 
11.22 
D x V = 
Hecto-jitre weight (kg) 
69.50 
68.52 
66.99 
68.33 
68.80 
68.08 
67.40 
68.09 
V - 0 . 3 0 9 
Seed yield (kg ha) 
980.00 
795.00 
691.60 
822.20 
1066.66 
848.33 
759.66 
891.55 
V=14 .800 
Oil yield (kg,ha) 
356.25 
290.91 
240.53 
295.90 
V=5.427 
384.59 
307.54 
265-88 
319.34 
69.17 
68.44 
68.00 
68.53 
D x V -
1079.00 
846.66 
724.66 
883.44 
D x V = 
388.44 
304.34 
253.48 
315.42 
D x V = 
12.46 
11 80 
11.53 
11.93 
0.407 
69 26 
68.43 
68.03 
68.57 
^0.536 
1095.00 
905.00 
780.66 
926.88 
25.634 
384.12 
317.47 
262 24 
321.28 
9.400 
Mean 
409.33 
273.33 
229.00 
11.68 
11.14 
11.03 
68.82 
68.15 
66.68 
1046.49 
844.72 
729.71 
370.72 
299.32 
247.14 
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Table 2. Correlation of yield characteristics at harvest w i th seed yield ( n = 9 ) . 
Characteristics 
Pod number plant 
Seed number pod 
Hecto-litre weight 
Appressed 
Mutant 
0.965** 
0.709* 
0.836** 
Varieties 
R. 75-2 RL-18 
0.979** 
0.943** 
0.848** 
T-11 T-16 Varuna 
0 .955** 0.976** 0 .981* * 0 .990** 
0 .807** 0.920** —0.556ns 0 .926** 
0 .949** 0 .939** 0.993** 0 .975** 
•Significant at 5%, **Significant at 1%, n s = N o n significant. 
Further, it is noteworthy that although Varuna 
was surpassed by RL-18 in oil percentage, 
an important attribute in the case of oil seeds, 
the computed value for the yield of oil in 
Varuna was 8.6"„ higher. Similar varietal 
differences have been noted in the perfor-
mance of a number of mustard varieties at 
Kanpur (Mehrotra et al., 1976) and at Aligarh 
(Parvaiz, 1980; Mohammad et al., 1984). 
Apparently, the higher genetic yielding 
potential of these better performing varieties 
manifested itself in fully when these were 
allowed to grow under appropriate (near 
optimum) conditions. 
This inference rs further supported by 
correlation studies (Table 2) which clearly 
show highly significant associations 
(P0.01) between yield characteristics and 
seed yield. 
It may, therefore, be concluded that 
T-11, T-16 and Varuna have more adaptabi-
lity to local conditions and should preferably 
be sown around 22 October for obtaining 
desired high yields. 
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COMBINED EFFECT OF SOIL AND LEAF APPLIED N AND P ON THE 
PERFORMANCE OF MUSTARD VARIETIES UNDER RAINFED CONDITIONS 
FmOZ MOHAMMAD 
Department cf Botany, Aligarh Muslim University, Aligarh-202 002 
(Accepted Angust 1992) 
Effect of soil aod leaf applied ortrogeD and phosphorus on yield and quality of two raiDfed varieties (RK-9 and RK-1418) of mustard 
(Brassica juncea L. Czern and Coss) was studied under rainfed conditioos. The treatments consisted of thtee basal applications (40 Kg N 
+ 10 Kg P, 30 Kg N + 7^ Kg P and 20 Kg N + 5 Kg P/ha) supplemented with three foliar sprays (water, 10 Kg N ^ 2^ Kg P and 20 Kg N -t-
5KgP/barespectively)and designatedas (i) B„„„|,+F,,(ii)B,^,j+F^,^^,and(iii)B^ji^,+F„j^y At harvest, the yield and quality parameters 
were studied. Treatment B„,^,5+F„,^^, and variety RK-1418 alone as well as in combination proved best, withB,^,,+F„,^j^,x RK-1418 
registering 40.0% more seed yield a-d 37.9% more oil yield over B^^ ^^ +^F, x RK-9 that gave the lower values, 
Key WM-ds! Mustard varieties, NP fertiliser, basal and foliar application, rainfed, yield and quality. 
Mustard is one of the important oilseed crops. Its 
oil is generally used for edible purposes as such or 
after refinement and, sometimes, after hydrogenation. 
Its oilcake is used for $uch purposes as manuring and 
cattle feeding. Most oilseeds are generally grown in 
India under rainfed conditions (Anonymous, 1983). 
Under such oondifions, application of even large 
quantities of fertilisers proves ineffective in increas-
ing the productivity of crops. To ensure maximum 
fertiliser use efficiency, split application of fertilisers 
(partly at the time of sowing and partly as supplemen-
tal topdressing or as foliar spray at crucial growth 
stages) has become a cormnon practice (Wittwer and 
Bukovac, 1969; De, 1971). As top-dressing is not 
advisable under rainfed conditions, supplemental fo-
liar sprays of nitrogen and phosphorus were applied at 
appropriate growth stages of two rainfed varieties of 
mustard grown with sub-optimal basal nitrogen and 
phosphorus to obtain maximum yield potential with-
out wastage of these costly fertilisers. 
MATERIALS AND METHODS 
A factorial randomised field experiment was 
conducted on two lainfed varieties of mustard (fira -^
sicajuncea L. Czemjind Coss.) during'rabi'(winter) 
season at the Farm-cum-Botanical Garden of the 
Aligarh Muslim University, Ajigarh. Three basal 
treatments (B) supplemented with three foliar treat-
ments (F) constituted one variant and two varieties, 
namely RK-9 and RK-1418, the other variant. 
Keeping the recommended dose of basal nitrogen 
(40 Kg) and phosphorus (10 Kg) per ha for rainfed 
conditions as check, the following combinations were 
seJected as treatments: (a) full basal + water spary 
(BN4OPIO+FW). 0>) 3/4 as basal + 1/4 as foliar (B^,^ ,+F 
MOP2.5) *"'' (^ ) ^^ '^ ''"**' ••• /^2 as foliar (B j^jopj+F 
j^gpj). In addition, a uniform dose of potassium (15 Kg 
K/ha) was applied to the soil in 10 sq m plots (pH - 8.2, 
available nitrogen, phosphorus and potassium - 205.8, 
25 and 250.6 Kg/ha respectively) before sowing. Each 
treatment was replicated thrice. Only one light irriga-
tion was given before sowing. Weeding was per-
formed twice. Foliar treatments were given in two in-
stalments, i.e. half at 70days(floweringstage) and the 
remaining half at 90 days (fruiting stage). The sources 
of basal nitrogen, phosphorus and potassium were 
urea, monocalcium superphosphate and muriate of 
potash respectively. Spray ofdiammonium phos-. 
phate provided the full quantity of supplemental 
phosphorus and a part of nitrogen. The remaining 
nitrogen in the spray was applied as urea. At harvest, 
pods/plant, seeds/pod, hecto-litre weight, seed yield, 
oil percentage and oil yield were studied. Oil was ex-
tracted by Soxhlet apparatus, using petroleum ether as 
solvent (Anonymous, 1970). Oil yield was computed 
on the basis of oil percentage and seed yield. In 
addition, three quality characteristics of oil, namely 
acid value (keeping quality), iodine value (unsatu-
ration) and saponification value (digestibility) 
were determined by standard methods (Anonymous, 
1970). 
RESULTS AND DISCUSSION 
Tlie effect of various treatments, varietal diflier-
ences and their interactions were found to be signifi-
canton almost all parametenstudied (Tables 1 and 2). 
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Table 1.° Combined effect of soil-and leaf-applied N and P on 
pods/plant, setts/pod, becto-litre weight, seed yield and oil percent-
age of mustard varieties under rainfed conditions (Mean of three rep-
licates) 
Varieties 
" M « H O 
+ Mean 
PoJ number per plant 
RK-9 423.00 510.00 404.33 445 77 
kK-1418 450.00 615.00 433 OO 499 33 
Mean 
CD at 5% 
RK-9 
RK-1418 
436 50 
T = 4.57 
562 50 
V = 3.73 
418.66 
TxV = 6 46 
Seed number per pod 
15 30 15.60 15 00 
15 00 15 30 14 90 
15 30 
15 06 
Mean 
CD at 5% 
RK-9 
RK-1418 
15.15 
T = 011 
15 45 
V = 009 
14 95 
TxV = N.S 
hecto-litre weight (Kg) 
68 74 68.74 68 58 
67 75 67 79 67 67 
63 69 
67 74 
Mean 
CD at 5% 
68 25 
"i =007 
68 27 
V = 005 
68 12 
TxV = N S 
Seed uetd (Kg'ha) 
RK-9 750 00 882 33 696 66 
RK-1418 820 00 1050 00 803 33 
776 33 
891 11 
Mean 
CDj i 5% 
RK-9 
RK-1418 
785 00 966 16 750 00 
T = 20 61 V = 16 82 TxV = 29 14 
36 22 
35 46 
Oil percentage 
36 20 
35 66 
36 23 
35 40 
36 21 
35 50 
Mean 
CD.at 5% 
35.84 35 93 
T = 0.08 V = 0 06 
35 81 
TxV = 0 11 
N30P7 5^ ' N I 0 P : 5 Of the various treatments tried, B 
proved best for most of the parameters studied. The 
treatment increased pods/plant by 28.9%, seeds/ pod 
by 2.0%, seed yield by 23.1%, oil percentage by 0.3% 
and oil yield by 23.4% over B^ o^„,p+ F .^ 
Out of the two varieties, RK-1418 proved better 
than the other. This variety not only produced 12.0% 
more pods, but also seed yield and oil yield, showing 
an increment of 14.8 and 12.6% respectively than 
RK-9 (Tables 1 and 2). 
Regarding interaction effects, B^ 3gp,5-^  F^iopj, x 
RK-1418 proved best, giving 45.4% more pods/plant, 
40.0% more seed yield and 37.9% more oil yield over 
Mohammad 
B j^pp,g+F^  X RK-9. Moreover, quality characteristics 
of oil remained within the acceptable range (Anony-
mous, 1970). 
Tabic 2 ComhiDcd effect of soil and leaf applied N and P on oil 
yield, acid value, iodine value and saponification value of mustard 
vanetics under rainfed conditions (Mean of three replicates) 
Vane tie* + 
B. B. 
Mean 
Oil yieU (Kg/ha) 
RK-9 271 66 319 41 252.43 281 17 
RK 1418 290 78 374.48 284 40 316.55 
Mean 
C D at 57. 
RK-O 
RK 1418 
281 22 
T = 747 
3 24 
3 53 
346.94 268 41 
V = 6 10 TxV = 10.57 
Acid value 
3 33 3 00 3 19 
3 62 3 58 3 57 
Mtan 
C D al 59c 
3 38 
T = 006 
RK-9 103 00 
RK-1418 102 22 
3 47 
V = 005 
Iodine valiii 
102 86 
102 50 
3 29 
TxV = 009 
102 96 
102 06 
102 94 
102 26 
Mean 102 61 
CD at 5'^  T = N S 
102 68 
V = 043 
102.51 
TxV = N S 
RK 9 
RK 14IS 
Mean 
^ n a, 5', 
Saponification value 
170 66 17113 170 73 
169 36 169 13 169 03 
170 84 
169 17 
170 01 
T = N S 
170 13 
V = 055 
169 88 
TxV = N S 
The beneficial effect of the treatment 
B,^,,,. +^F,^ jp|„ ^ on various parameters might be due to 
the basal dose (though sub-optimal) being sufficient 
for establishing and sustaining the plants till flower-
ing Thereafter, application of the supplemental foliar 
spraj (F i^pp,,) at the two crucial growth stages (Par-
vaizerfl/., l'>82) further augmented the metabolism of 
the treated plants. This is reflected by their higher 
values forpod number, seed number and oil percent-
age. Naturalh, these parameters finally resulted in 
higher seed yield and oil yield. The findings closely 
resemble the data of Sanuullah etal. (1985) and Mo-
hammad et al (1987) under irrigated conditions. 
It IS, therefore, concluded that the technique of 
foliar application as a supplement may be exploited 
profitably under rainfed conditions for mustard culti-
vation. 
Combined effect of soil and leaf applied N and P 
The author is grateful to the Chairman, Botany 
Department, Aligarh Muslim Univeisity, Aligarb for 
providing research facilities and to Prof. M.M.R.K. 
Afridi for valuable suggestions. 
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Abstract 
A simple randomized field experiment was conducted for iv.o \ears to test the >.omparati\e efficacy of 
three sources ot leaf-applied phosphorus (sodium dihvdrogen orthophosphaie diammomum phosphate and 
monocalcium superphosphate) on the \ield performance of mustard (Biassica ntncea L Czern and Coss ) 
var Varuna The quantity ot P was 3 5 kg ha ' In addition, 20ka N and 2 (or 6^  kc S ha were included 
in the spra\ applied in two equal sphts at 70 and 90 da\ s as supplement to the basal application of 60 kg N, 
17 5 kg P and 33 2 kg K ha ' The tu o \ ear data re\ ealed that spra\ treatments w ere sianihi. anth efficacious 
in augmenting most of the vield attributing parameters as well as seed and oil \ leld b\ about 20 "o o\er the 
water spra\ed control Howe%er, as the three sources of phosphorus pro\ed equalK eltev.ti\e commercial 
grade monocakium superphosphate could be preferred over others due to its tost ette^tiNeness and eas) 
a\ailabilit\ 
Key words: Mustard, foliar application of NPS, spra\ P sources 
In t roduc t ion Materials and Methods 
N A Q V I et ai (1977) and A F R I D I et al (1978) A simple randomised held experiment was conducted 
reported that the productivitx of mustard could ' "V '*" ^"""^ ' 1 " ' " ' " - '^^ ^ '"""• ^"^^""^ °* 1991-92 
L J J ui u 1 . I i 1 and 1992—93 at the Lnnersii\ Farm ot the Aligarh be increased considerabh b\ supplemental tol- „ , , , i i_ , j - . - . c c v i -,no-. 
c „ r 1 1 Muslim Lni\ersitv Aligarh India 27 53 N, 78 4 
.ar spra^ of small quanti t ies of phosphorus ^ ^^j , 3 , , 5 ^ ^ , ^ , ^ ^ j ^ ^^^ ,^^^^ ^^^^ ^^,^^j ^^ 
applied at proper growth stages Later, A F R I D I ,he field m 1C sq m plots, hav ina texture sandx loam, 
et al (1983), P A R V A I Z and AFRIDI (1985), pH (l 2) 7 9 and 7 S e l ean . aUondua ivm E C 
SAMIULLAH et al (1985) and MOHAMMAD (l 2) 0 3!> and : 35 m mhos >.m available N 198 5 
e ta l (1987) reported that the combined apph- and I9CC P 23 4 and 25 OandK 2'!) 9 and 315 0 kg 
cation of nitrogen, phosphorus and sulphur ha ' in tht. first and the scond vear respettiveU 
spray enhanced the p r o d u t t n i t x of mustard Mustard i^B^as^ica luncia L Czern and Coss) cv 
funher Similar results ha\ e been reported for ^'^™"^ ' ^^  S"-*^ ^ n w ith a umtorm basal dose of 60 kg 
soybeans b% GARCIA and H A N U K\ (1976) '^ f "f", "7 -^  kg P as mono.aluum superphosphate 
, . , , , and 33 2 kg K as muriate ot potash per hectare The 
However, it was realised that the source of „ „ p ^^^ ^^^^^^^ ^, ^^e rate ot 2C kg N, 3 5 kg P 
phosphorus sprayed m earlier studies reported ^^j 2 kg S ha The sprav treatment was given m 
from our laboratory (sodium dihvdrogen ,^0 equal splits at 70 and 90 da\s after sowing 
onhophosphate) was rather costU It was, (MOHWIVMI et al 1987 The phosphorus in the 
therefore, decided to test if less expensive com- fohar sprav was provided in the torm ot one labora 
mercial fertilisers could eftecti\el\ replace it tor\ grade source (sodium dihvdrogen orthopho-
US Copvnghi Clcarinct Cmer Code Statement 0 9 3 1 - 2 2 5 0 / 9 4 / 7 3 0 5 - 0 3 5 4 $ 1 0 50 0 
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Table 1. Scheme of treatments 
N + 
Nutrient applied (kg ha ') 
Basal 
treatment 
P+ 
Foliar 
treatment 
N + P+ 
Sources of leaf-applied nutrients 
N 
60+ 17.5+ 33.2 water — _ _ 
60+ 17.5+ 33.2 20+ 3.5+ 2 Urea Sodium dih>drogen Sodium sulphate 
orthophosphate 
60+ 17.5+ 33.2 20+ 3.5+ 2 Diammonium Diammonium Sodium sulphate 
phosphate & urea phosphate 
60+ 17 5+ 33.2 20+ 3,5+ 6 Urea Monocalcium Monocalcium 
superphosphate superphosphate 
N .B . (i) Sources of basal N , P and K were urea, monocalcium superphosphate and muriate of potash 
respectively. 
(ii) Foliar treatments were given in two instalments, i.e. half at 70 davs and the remaining half at 90 
days 
sphate) and two commercial grade sources (diam-
monium phosphate, i e DAP and monocalcium 
superphosphate) The required quantity of nitrogen 
in the sprays was maintained by adding appropriate 
amount of commercial grade urea. Sulphur, as labora-
tory grade sodium sulphate, was added to the ortho-
phosphate and DAP only, because superphosphate 
already contained more than the required amount of 
this element (Table 1). For spray, DAP and mono-
calcium superphosphate solutions were first filtered 
as they contained some insoluble matter. The design 
of the experiment was simple randomised. Each treat-
ment was replicated three times The field recei\ed 
three irrigations between sowing and har\esting. 
Weeding was done twice Uniform thinning was done 
at first weeding in all the plots Pods per plant, seeds 
per pod, seeds per plant, hecto-litre weight of seeds 
and seed yield per plot were noted at harvest. Oil ^ as 
extracted using Soxhiet apparatus, with petroleum 
ether as soKent Oil yield was computed on the basis 
of oil percentage and seed yield 
Results and Discussion 
It is evident from Tables 2—4 that the effect of 
treatments on yield parameters was significant, 
except on the hecto-litre weight of seeds in the 
first year and on oil percentage in both the 
years. However, all the three sources of spra\ 
phosphorus proved equally effective. Taking 
the means for the two years into consideration. 
seed yield in the treated plants was increased 
by 2C % and oil \ield by 18 "o compared with 
the water-spra\ed control. 
Correlation studies showed that the observed 
increase in the productivit\ was ma inh due t o 
the high \alue tor the number ot pods and 
seeds per plant. These were significanth and 
positivelv correlated with seed vield on the 
basis of the means of pooled data tor the t w o 
years (r = + 0.9968 and +0.9848 respectiveh V 
It ma\ be recalled that supplemental phos -
phatic sprays are known to benefit commercial 
crops particularK when the a\ailabilit\ ot p h o s -
phorus in the soil is low and its absorpt ion b \ 
roots is retarded, tor example, at later stages ot 
growth (VlTTVi tR and ThUBNtR 1959; At RUM 
and WASIL 'UDIN 1979). 
Table 5 gi\es the per hectare cost ot the 
sprayed nutrients. It is evident that spra\ of 
commercial grade monocalcium superphos -
phate, being the most inexpensne and easiK 
available source of phosphorus (and su lphur) , 
together with urea nitrogen, could be applied 
profitably for augmenting mustard vield 
Another far reaching advantage of this 
inexpensive technique is that it could be 
adopted in under-developed countries where 
mustard is mostly grown under rain-fed 
conditions ineMtabK with low basal ferti-
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Table 2 Effect of the sources of spray phosphorus on pods per plant, seeds per pod and seeds per 
plant of mustard 
Pods per plant Seeds per pod Seeds per plant 
Source of 
phosphorus 1991—92 1992—93 Mean 1991—92 1992—93 Mean 1991—92 1992—93 Mean 
Water (control) 360 33 399 33 379 83 13 53 12 73 13 13 4875 80 5085 73 4980 77 
Sodium 
dihydrogen 
orthophosphate 452 33 507 33 479 83 12 80 12 07 12 43 5791 47 6122 33 5956 90 
Diammonium 
phosphate 450 33 502 66 476 50 12 86 12 07 12 47 5794 87 6066 20 5930 53 
Monocalcium 
superphosphate 445 33 515 66 480 50 13 13 12 20 12 67 5849 33 6292 2C 6070 77 
C D at 5% 33 14 24 72 23 34 0 35 0 38 0 26 548 55 446 75 395 59 
Table 3 Eftect of the sources of spra\ phosphorus on hecto-litre T* eight and seed \ leld ot 
mustard 
Source of phosphorus 
Water (control) 
Sodium dih\drogen 
orthophosphate 
Diammonium 
phosphate 
Monocalcium 
superphosphate 
C D at 5 % 
Hecto-li 
1991—92 
68 86 
68 50 
68 36 
68 40 
N S 
itre weight (kg) 
1992—93 
68 50 
68 20 
68 22 
68 22 
0 23 
Mean 
68 68 
68 35 
68 29 
68 31 
N S 
Seed 
1991—92 
1132 00 
1367 00 
1373 66 
1340 33 
44 84 
yield (kg ha 
1992—93 
1196 67 
1448 33 
1430 CO 
1441 CO 
91 33 
') 
Mean 
1164 33 
1407 67 
1401 83 
1390 67 
53 22 
Table 4 Effect of the sources of spra\ phosphorus on oil percentage and oil \ leld ot mustard 
Oil percentage Oil \ield (kg ha"') 
Source of phosphorus 1991—92 1992—93 Mean 1991—92 1992—93 Mean 
Water (control) 36 03 35 73 35 88 407 75 42^60 4 r ^4 
Sodium dihvdrogen 
orthophosphate 35 80 34 90 35 35 489 36 503 57 497 63 
Diammonium 
phosphate 36 13 34 70 35 42 496 37 496 26 496 48 
Monocalcium 
superphosphate 35 76 34 77 35 26 479 31 501 18 49C 42 
C D at 5 % N S N S 0 38 24 70 48 62 23 28 
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Table 5. Cost of leaf-applied nutrients 
Name 
Quantity (kg ha" ') 
N P S Cost US $ Total cost US S 
Urea 
Sodium dihydrogen orthophosphate 
Sodium sulphate 
Urea 
Diammonium phosphate 
Sodium sulphate 
Urea 
Monocalcium superphosphate 
20 
16.8 
3.2 
3.5 — 
3.5 — 
20 — 
— 3.5 
2 
2 
6 
5.62 
132.48 
37.61 
4.73 
3.04 
37.61 
5.62 
3.22 
175.71 
45.38 
8.84 
N . B . Urea, sodium dihydrogen orthophosphate, sodium sulphate, diammonium phosphate 
and monocalcium superphosphate cost US$ 0.13, 7.74, 4.27, 0.20, 0.06 per kg respectively 
liser doses to avoid adverse osmotic effects on 
seed germinat ion and early seedling growth 
( M O H A M M A D 1992). 
Zusammenfassung 
Eine Z u n a h m e der Senfproduktivitat mit 
einer inexpensiven Blattdiingung mit Phos-
phor 
In e inem randomisienen Feldexperiment, das 
fiir zwei J ah re durchgefiihrt wurde, wurde die 
Effizienz von drei Phosphorquellen als Blatt-
di ingung (Natriumdihydrogenorthophosphat, 
D iammoniumphospha t und Monokalziumsu-
perphosphat ) auf den Ertrag von Senf {Brassica 
juncea L. Cze rn . & Coss.) var. varuna unter-
sucht. Es wurde P in einer Menge von 3,5 kg 'ha 
angewendet . Zusatzlich wurden 2 0 k g N und 2 
(oder 6) kg S /ha der Blattdungunghinzugefiigt, 
die in zwei gleichen Anteilen am 70. und 90. 
Tag nach der Aussaat zur Grunddiingung von 
60 kg N , 17,5 kg P und 33,2 kg K/ha ange-
wendet w u r d e . Die Zweijahresergebnisse 
zeigen, da(5 die Blattdungung mit einer sig-
nifikanten Effizienz zu einer Erhohung der 
Er t ragskomponenten und des Samen- und Oler-
trages von mehr als 20 % iiber die Kontrolle 
f i ihne. Alle drei Phosphorquellen zeigten sich 
gleichermafien wirksam; das kommerziell ver-
fiigbare Monokalziumsuperphosphat kann im 
Hinbl ick auf seine Kosten bevorzugt werden. 
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CUMULATIVE EFFECT OF SOIL-APPLIED AND LEAF-APPLIED NITROGEN ON 
YIELD AND QUALITY OF LINSEED 
HROZ MOHAMMAD 
Department of Botany, Ahgarh Muslim University. Aligarh - 202 002 
(Accepted February 1994) 
Linseed oil is used for many domestic and indus-
trial purposes, including manufacture of varnish, and 
Its oilcake is used as a catMc feed and fertilizer With 
increasing demand of oilseeds in mind and considering 
the twin constraints of area of cultivation and time 
consuming hybridisation methods, efforts have been 
made to obtain higher yields of edible oilseeds by 
balanced manuring and judicious method of fertilizer 
application (Samiullah era/., 1984; Mohammad era/, 
1987; Mohammad, 1989). In line with this approach, 
Imsccd crop was subjected to various combinations of 
soii-applicdand leaf-applied niu^ogen so as to maximise 
us seed and oil yield 
A factorial randomised field experiment was con-
ducted on linsccd (Lmum usitaltssimum L ) var LHS-
1 at the University Farm oflhc Aligarh Muslim Univer-
sity, Aligarh during rabi season. Four levels (25,50,75 
and ](X) kg/ha) of basal nitrogen (B), i e B j^, B^^, B^ ^ 
and B,^ constituted one variant and three levels (0, ]0 
and 20 kg/ha) of foliar nitrogen (F) i c F„, F^ ,^, and Fj„ 
the other. Each ircatmcnl was replicated thncc The 
source of nitrogen was urea In addition to the basal 
dcses of niuogen, a uniform basal dose of superphos-
phate at 20 kg P/ha was applied at sow ing to the soil 
(texture- sandy loam, pH (1'2) 7.9; conductivity E.C. 
(1 2)- 0.58 mmhos/cm, available N, P and K 198.5, 
23.4 and 278 9 kg^a respectively. The foliar treat-
ments were given in two splits, half at 70 d and the 
remaining half at 90 d. The crop was irrigated thrice. 
Weeding was undertaken twice. At harvest, capsules/ 
plant, secds/capsulc, hecto-Iitrc weight, seed yield, oil 
percentage, oil yield and iodine value were deter-
mined Oil was extracted b> Soxhlct apparatus, using 
petroleum ether as soh cm Oil yield was computed on 
the basis of oil percentage and seed yield Iodine value 
(indicative ol unsaturalion) was determined vmh 
iodine monochloride solution (Anonymous, 1970). 
Table 1 Cumuliuve cfTect of soil apphed and leaf-appbed nitrogen on cap-
sules^lani, seeds/capsule, hecio-btic weight and seed yield of linseed (Mean 
of three replicates) 
Foliar 
(kg N/ha) 
F, (water) 
F.. 
F„ 
Basal treaimenis (kg N/ha) 
^a. ^K 8 » 
Capsule number per plant 
254 424 306 
363 660 462 
366 573 527 
B « 
306 
45 7 
51J 
Mean 
32J 
48 6 
49J 
Mean 
CD aiSlfc 
h,(waicr) 
r„ 
F„ 
32 8 55 2 43 2 42 6 
B .425 F-36« BxF-735 
Seed number per capsule 
8 3 8 4 8 1 8 1 8.2 
92 84 86 84 87 
83 82 84 83 »^ 
Mean 
C 0 al 5% 
F„ (water) 
1,0 
F..-
Mean 
C D ai 5% 
r, (water) 
f,. 
r.o 
86 83 84 
B - N S F -NS 
llccto-IUre weight (kg) 
69 3 70 0 68 8 
70 0 70 0 69 5 
68 8 69 4 691 
69 3 69 8 691 
B = I77 F=153 
Seed yield (kg/ha) 
11000 13467 13867 
1303 3 15200 15400 
!3f;67 14600 14133 
83 
B 
68 8 
69 2 
68 3 
68 7 
B 
1426 7 
1493 3 
14600 
x F - N S 
69 2 
69 6 
619 
xF«307 
13150 
1464 2 
1425 0 
Mean 
C D at 5% 
12567 14422 14467 14600 
8 = 3867 F.3349 BaF-66.97 
number/capsule) were found to be affected signifi-
cantly at P = 0.05 by basal and foliar treatments as well 
as by their interaction (Tables 1 and 2). 
On comparing basal treatments, B,^ proved opti-
mum for most characters. It gave 68.3, 14.8.2.8 and 
18% more capsules/plant, seed yield, oil percentage 
aiid oil yield respecuvely in comparison with the 
lowest nitrogen dose (B^,). Doses higher than B^ 
mostly proved ineffective or even deleterious in some 
cases. 
All yield and quality parameters (except seed Considering foluir treatments, F,„ proved opti-
Rcccivcd August 1993 
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Table 2 CumuUuvc effect of MI\ applied 4r<.i icj ^pp' ^ .J niiro^cti on oil 
perccnuge, oil yield and lodmc \atuc ol IMINCV ' I \ L J i oi ihr^ L rcpliL t^c^ } 
Fobir 
Irealnieni5 
(kg N/h«) 
F, (water) 
F,. 
F,. 
Ba<dl iri-jlmtiu (ki, \/ha] 
B„ »« ')„ 
Oil percentage 
38 3 39 6 39 3 
404 412 410 
39 1 404 40 1 
»,«. 
37 3 
404 
38 5 
\1i.an 
38 6 
40 is 
39 5 
Mean 
C D aiS% 
F, (water) 
F,. 
F> 
39 3 404 40 1 
B - 0 32 F - 0 28 
Oil yield (kR/ha) 
4213 533 1 544 4 
526 5 626 3 633 3 
534 9 589 9 567 1 
38 7 
n > r - 0 
5318 507 5 
602 8 597 2 
5610 563 2 
0 56 
Mean 
CD a t 5 * 
F,(waier) 
F,. 
F„ 
494 2 583 1 
D - 1 6 68 
ludinc value 
1914 1865 
1904 190 1 
184 6 183 0 
581 1 
1 - 1444 
178 2 
181 2 
180 4 
555 2 
111 
180 0 
178 0 
176 3 
I r - 28 89 
184 0 
184 9 
181 1 
Mean 
CD at 5% 
1888 1865 1799 178 1 
B = l 18 r= 1 02 B x l =201 
mum. It increased capsules/plant by 50 5%, seed > icld 
by 11.3%, oil content by 5 77r and oi! yield by 17 69r 
when compared with the respective values for F^^ 
The interaction Bj„xF,„ intreascd capsules by 
159.8%, seed yield by 38 2%. oil content by 7.69, and 
oil yield by 48.7% compared with B ,^ x F^, that gave the 
lowest values and proved at par with It for lodme value. 
Data (Tables 1 and 2) reveals that capsulcnumbcr, 
hecto litre weight and oil content contributed most 
towards seed and oil yield. The favourable effect of 
basal nitrogen application confirms the findings of 
Dybing (1964), Yermanosc/a/. (1964)and Kinraf/a/ 
(1970) Singh and Singh (1978). 
Itmay, therefore,beconcluded that, depending on 
soil nitrogen status, judicious combination of soil- and 
leaf-applied nitrogen could be exploited to increase the 
productivity of linsccd. 
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Predicting Solasodine Content in 
Solanum nigrum L. 
A Statistical Model 
M.MA. Khan, S.H. Afaq* and F. Mohammad 
Department of Botany, 
•Department of Ilmul-Advia, 
Aligarh Muslim University , Aligarh-202002, India. 
Steroidal alkaloids are usuall) classified with 
other alkaloids as the former are similar m structure 
but they resemble biosynthclically with terpenoids The 
nitrogen is incorporated therein from ammonia or 
anamonium compounds The application of nitrogen, 
therefore, could enhance the uptake of nitrogen and in 
turn the \neld of Solasodine in the fruits of Sotanum 
nigrum L 
The correlation studies between the leaf-nitrogcn 
content and the Solasodine content of the fruits of 
S nigrum were made in three pot experiments The 
nitrogen was estimated in lea\es and Solasodine in 
f ru i t s at d i f ferent s tages of g rowth us ing 
spectrophotometric methods A statistical model for the 
prediction of the alkaloid at the early stages of growth 
(S5 days afler sowing) by estimating the nitrogen 
content in the leaves is herebj proposed If leaf-N at 
carK stage of growth predicts the low value of fruil-
Sk)lasodine, the corrective measures like top-dressing 
or foliar spray could bo employed immcdialel>, for 
higher yield 
I n t r o d u c t i o n 
Solasodine (Fig 1) a steroidal alkaloid (Bradley, 
1978. Hess. 1978) present in the fruits of Solanum 
nigrum L ma\ be used as a starting material for the 
s v n t h e s i s of cor t icos teroids , l ike p redn i sone , 
prednisolone and the sex hormones, androgen and 
estrogen (Kunjithapadam, 19771 Keeping in vle^^ the 
roic of nitrogen (N) in the bios>iithesis of alkaloids, a 
stud\ \^as conducted to find out the correlation, if an>, 
bet\veen the leaf-N content and the Solasodine content 
of the fruit Further , the possibilit> of using these data 
to predict the Solasodine content in the fruit by 
determining the leaf-N" content at early stages of growth 
was explored. If the leaf analysis revealed low nitrogen 
status of the plant, corrective measures, like top-
dressing or foliar spray (Afridi and Wasiuddin, 1979), 
could be employed at the early stages of grov^th to 
ensure the desired fruit-Solasodine content of this 
important medicinal plant On the basis of the previous 
encouraging trial (Afaq et ai, 1985), a detailed study 
has been performed and reported here. 
Fig . 1 
Structural formula of Solasodine (Spirosol-5-cn-3P-ol 
Mater ia l s and M e t h o d s 
The first preliminary experiment was done on 52 
plants of S nigrum on October 20, by direct sowing of 
seeds in the pots The aim of the experiment \sas to 
find out whether there lies any relationship between 
leaf-N and fruit-Solasodme at the time of maximum 
fruit formation (175 d) Initially, 5 seeds were grown 
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in each pot but later on only one healthy plant was 
allowed to grow Each pot contained a composite 
mixture of 25"^ Farm Yard Manure (FYM) and 75% 
soil. This soil mixture v\as analysed (pH 7 2; texture: 
sandy loam, E C O 69 m mhos/cm, available N, P and 
K was equivalent to 344, 28 and 732 kg/ha). The net 
weight of this soil mixture was 3 5 kg At 175 days 
after sowing (d), when the maximum fruits were 
present in plant, the fruits were collected, dried at 
80°C in a hot air oven and Solasodine content (on 
percent dry weight basis) was estimated (Bimer, 1969). 
Along with the sampling of fruits, the leaves of the 
same plants were also collected and dned at this stage. 
Leaf-N content was estimated by the method of Lindner 
(1944). The second expenment was done using same 
agncultural practices as in first experiment The 
composite soil mixture was also analysed (pH.7.2; 
texture: sandy loam, EC 0 70 m mhos/cm, available 
N, P and K was equivalent to 340, 25, 750 kg^a). 
However, in this experiment six doses of urea nitrogen 
(0.0, 0.45, 0.90, 1 35, 1 80 and 2.25 g per pot), were 
added m the set of three pots for replications The aim 
of the expenment was to find out whether a prediction 
for Solasodine content at 175 d could be done by 
analysing leaf-N at 85 d in a soil having different levels 
of nitrogen background 
The leaf-N was estimated in the full expanded, 
mature, undamaged green leaves at 40, 85, 130 and 
175 d, whereas, Solasodine content in the ripened fruits 
was estimated at 70, 85, 100. 130, 145, 160, 175 and 
190 d. At 85, 130 and 175 d, the leaves and fruits of 
the same plants were taken into consideration. 
However, at 40 d, only the leaf samples could be taken 
for nitrogen estimation because fruiting did not start 
at that stage. 
The third expenment was conducted m the similar 
growing conditions as the second, except that 
phosphorus was applied in the soil instead of nitrogen. 
The composite mixture of the pot was also analysed 
(pH:7.0; texture, sandy loam; E.G..0.70 m mhos/cm, 
available N, P and K was equivalent to 348, 26 and 
730 kg/ha). The six doses of P were 0 0. 0.15, 0 30, 
0 45, 0 60 and 0 75 g P per pot. Nitrogen was estimated 
in the leaf at 85 d and the Solasodine content at 175 d. 
The aim of the experiment was to test whether a 
prediction for Solasodine content at 175 d could be done 
by analysing leaf-N at 85 d in a soil having different 
levels of phosphorus background. 
For correlation and regression analysis SPSS 
package release 5.0 was run on a personal computer. 
Results and Discussion 
Using the data of the first experiment, correlation 
and regression studies were made, taking leaf-N 
content as dependent (X) and Solasodine content a> 
independent variables (Y). A hypothesis was formulated 
that any change in the leaf-nitrogen content may 
affect the Solasodine content in the fruits of S. nigrum. 
Highly significant values of correlation (r) and 
correlation coefficient (r'^), 0.8627 and 0.7442 
respectively were found (Fig. 2). 
^ 0.55 
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Fig. 2 
CJorrelation between nitrogen content in leaf and Solasodine 
content in fruit of the same plant at dilTerent stages of fruiting 
in S nigrum 
For the simple estimate regression equation 
(Y=a+b (X)) the value of 'b' was found to be 0.1953 
and that of the constant 'a' was -0.0067. The prediction 
of the Solasodine in fruit at the time of harvest by just 
analysing leaf-N at vegetative stages will be 
approximate, because there are other factors which 
may also affect its biosynthesis, through their effect 
on nitrogen uptake. 
From Experiment 1, it was found that there was 
significant positive relationship between leaf-N and 
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Solasodine content in fruits of S nigrum of the same 
stages. Since we have not estimated leaf-N at 
vegetative stage and obviously any relationship 
between leaf-N at vegetative stage and fruit Solasodine 
at 175 d (harvest time) could not be established in 
Experiment 1. Therefore, it was not possible to suggest 
an> measure to correct the low fruit-Solasodine content 
at 175 d 
Keeping this in vlev ,^ Expenment 2 was performed 
in which leaf-N content at different stages was analysed 
and correlation was worked out with fruit-Solasodine 
content at different stages 
The data of Expenment 2 (Table 1) were subjected 
to regression analysis and it was found that the leaf-
N content, estimated at 40, 185, 130 and 175 d showed 
positive correlation vMth the fruit-Solasodine content. 
at most of the stages of growth except 40 d. The value 
of 'a'. To' r and r* are given in Table 3. At very early 
stage of growth i.e. 40 d, the reason for insignificant 
value of correlation may be due to the involvement of 
nitrogen in other metabolic activities like growth and 
establishment of buds etc. The fruiting starts in 
S nigrum at about 70 d, with the increase in the age 
of the plant the amount of the leaf-N as well as fruit-
Solasodine increased and found maximum at 175 d A 
highly significant correlation between nitrogen 
estimated at 85 d and the fruit-Solasodine at all the 
stages of growth has been noted. This shows that 
maximum involvement of nitrogen in the biosynthesis 
of Solasodine at these stages of growth. Insignificant 
correlation between the leaf-N estimated at 130 d and 
the fruit-Solasodine at 145 d and 175 d is not clear 
TABLE 1 
Expressing the Data of Experiment No. 2 
Leaf 
40d 
i 1 * 
180 
1 70 
1 76 
1 85 
185 
178 
176 
190 
1 78 
1 75 
1 78 
180 
185 
1 83 
165 
1 75 
1 7U 
-Nitrogen 
85 d 
188 
192 
1.83 
192 
195 
2 02 
2 01 
2.05 
2 08 
2 11 
2.08 
2.05 
2 11 
2.09 
2 12 
2 01 
198 
1 88 
c o n t e n t 
ISOd 
2.15 
2 10 
2 13 
2 20 
2 17 
2 14 
2 25 
2.23 
2 20 
2 24 
2 28 
2 31 
2 32 
2 35 
2.35 
2 10 
2 15 
2 12 
(%) 
175d 
2 45 
2 55 
2 5 1 
2 56 
2 62 
2 65 
2 50 
2 65 
2 68 
2 62 
2 65 
2 72 
2 85 
2 80 
2 85 
2 60 
261 
2 67 
70d 
0 33 
0 32 
0.33 
0 32 
0 32 
0.33 
0 33 
0.34 
0 32 
0 34 
0 34 
0 33 
0 34 
0 34 
0 33 
0 32 
0 35 
0 32 
85d 
0 32 
0 32 
0 32 
0.32 
0 33 
0.33 
0.32 
0.33 
0.32 
0 34 
0 33 
0.33 
0 34 
0 34 
0.34 
0 32 
0 33 
0 32 
Fruit-Solasodine 
lOOd 
0 34 
0.33 
0.34 
0 32 
0 53 
0.33 
0.34 
0.33 
0 34 
0 35 
0.34 
0.35 
0 35 
0.35 
0.35 
0.35 
0.34 
0 33 
ISOd 
0 35 
0 37 
0 36 
0.38 
0.38 
0.38 
0.37 
0 40 
0 38 
0 4 1 
0 40 
0 39 
0 44 
0 43 
0 44 
041 
0 42 
0 39 
: content (%) 
145d 
0 38 
0 39 
0.39 
0 42 
0 41 
0 43 
0 44 
0 44 
0 45 
0 50 
0 47 
0 46 
0 47 
0.46 
0.47 
0.49 
0 49 
0 47 
160d 
0 43 
0.45 
0.44 
0.43 
0.44 
0.45 
0.47 
0.48 
0.51 
0.52 
0.52 
0 48 
0.53 
0.53 
0.55 
0.52 
0.52 
0.50 
175d 
0.45 
0.46 
0.44 
0.49 
0.49 
0.52 
0.52 
0.55 
0.52 
0.57 
0.57 
0.59 
0 60 
0.62 
0.59 
0.60 
0.62 
0.63 
190d 
0.44 
0.43 
0.44 
0 42 
0 41 
0 41 
0.47 
0 49 
0.50 
0 50 
0.51 
0.52 
0.55 
0.52 
0.51 
0.52 
0.52 
0.50 
c = da>s afler sowing 
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TABLE 2 
Correlation Between Leaf-Nitrogen Content at 40, 85, 130 a n d 175 d and 
Solasodine Content in Fruit at Different Harvest ing S t a g e s 
Solasodine 
content in 
fruit at 
Leaf-Nitrogen content a t 40 d 
70 d 
85 d 
100 d 
130 d 
145 d 
160 d 
175 d 
190 d 
0.331 
0.327 
0.240 
0.208 
0.600 
0.447 
1.129 
0.674 
0.000 
0.000 
0.060 
0.104 
-0.085 
0.022 
-0.326 
-0.108 
0.001^'^ 
0.378^'^ 
0.095^'^ 
0.210-'^ 's 
-0.144^'^ 
0.035'''^ 
-0.308^'^ 
0.150-*^^ 
Leaf-Nitrogen content at 85 d 
85 d 
100 d 
130 d 
145 d 
160 d 
175 d 
190 d 
0.194 
0.218 
0.033 
-0.098 
0.173 
-0.248 
-0.145 
0.067 
0.605 
0.213 
0.271 
0.329 
0.396 
0.312 
0.743** 
0.581** 
0.727** 
0.673** 
0.748** 
0.577** 
0.633** 
Leaf-Nitrogen content at 130 d 
130 d 
145 d 
160 d 
175 d 
190 d 
0.190 
0.101 
0.252 
-0.161 
0.284 
-C024 
0.156 
-0.069 
0.320 
-0.147 
0.607** 
0.366^'^ 
0.587** 
0.438^'^ 
0.541** 
175 d 
190 d 
Leaf-Nitrogen content at 175 d 
-0.464 
-0.180 
0.382 
0.250 
d = days after sowing. 
NS = Non-significanl 
•* = Sigmricant at 1% level. 
0.693** 
0.631** 
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It can, therefore, be inferred that by analysing the 
leaf-nitrogen content, the fruit-Solasodine content could 
be predicted at early stage (85 d). By using the values 
of 'a', "b' and r of the second experiment obtained at 
85 d, the fruit-Solasodine content at 160, 175 and 190 d 
could be easily predicted (Figs. 3, 4 and 5). It may be 
added that on these stages (160, 175, 190 d), maximum 
Solasodine production was recorded by the author 
(Khan et al., 1995). The computational accuracy of this 
model was checked by using the data of Experiment 3 
and was found that it comes under the range (Table 
3). It confirms the validity of this statistical model. 
The correlation between nitrogen and alkaloid is 
understandable as nitrogen plays an important role in 
the biosynthesis of alkaloid through its incorporation 
in amino acids and in turn into alkaloids (Hess, 1978). 
In case of prediction of low-fruit-Solasodine content, 
foliar spray/ top-dressing of nitrogen fertilizer could 
be done which will increase the leaf-N level and then 
high yield of Solasodine may be obtained. 
0 .65 
0.55 
c 
o O 
» 
o 
m 
in 
0.45 
0.4 
(1 
1.8 
- • ' ' ' ' ' ' ' ' ' ' ' I I • . . . I . . . . I 
^ 9 2 2.1 
Leaf-Nitrogen Content (%) at 85 days 
Table 3 
Computational Accuracy for the Prediction of 
Solasodine Based on the Data of 
Experiment No. 3 
Nitrogen 
content (%) 
at 85 days 
(Actual value) 
1.68 
1.70 
1.72 
1.75 
1.75 
1.78 
1.80 
1.85 
1.85 
1.85 
1.87 
1.88 
1.88 
1.90 
1.92 
1.92 
1.92 
1.95 
Mean 
Solasodine 
content (%) 
at 175 days 
(Actual value) 
0.39 
0.39 
0.40 
0.43 
0.43 
0.44 
0.47 
0.47 
0.47 
0.49 
0.49 
0.51 
0.52 
0.52 
0.53 
0.55 
0.55 
0.55 
0.478 
S o l a s o d i n e 
c o n t e n t (%) 
at 175 days 
(Regress ion 
va lue ) 
0.42 
0.43 
0.43 
0.45 
0.45 
0.46 
0.46 
0.48 
0.48 
0.48 
0.49 
0.50 
0.50 
0.50 
0.51 
0.51 
0.51 
0.52 
0.477 
S.E. = 0.021 DitTerence = 0.001. 
liiiii-Sitl,i\f\lincCt>iiicnl oilM l),ns 
<i -0/-.1.h O .13, r oris,,- 056 
I niil-Siiliisik/iiic ( '(tniciit of I".? /)<j)s 
<i -(i:-is,h fi.ivA. / 0 5"./^ o.w 
/ iiiir-Soh\rtiliiw ( 'oiiiiitl ai 191) haw 
a .0 /t\ h 0 1/2. r «ri.??. ,• 0 in 
Fig . 3 
Correlation between leaf nitrogen content and at 85 d and fruit-
Solasodine content at 160, 175 and 190d in S. nigTum. 
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Short Communication 
PATTERN OF LEAF CARBONIC ANHYDRASE AND NITRATE 
REDUCTASE ACTIVITIES DURING GROWTH OF MUSTARD 
FiROZ MOHAMMAD', R.M. AFRIDI^, AND ZAINAB IQBAL^ 
In a pot experiment on mustard (Brassical juncea L. Czern. and Coss.) cv. 
Varuna, leaf carbonic anhydrase and nitrate reductase activities were studied at 
40, 60, 80, 100, and 120 days after sowing (DAS). The activities of both 
enzymes increased upto 80 DAS, and decreased gradually till 120 DAS. 
Carbonic anhydrase (CA) - E.C. 4.2.1.1 - a key cytoplasmic and 
chloroplastic enzyme of carbon assimilation (Waygood and Clendenning, 1950; 
Poincelot, 1971), and nitrate reductase (NR)-E.C. 1.6.6.1- an inducible 
cytoplasmic enzyme (Hewitt and Afridi, 1959; Guerrero et al., 1981) are 
widespread in plants. CA catalyses, the reversible hydration of carbon dioxide in 
green tissue and makes bicarbonate ions (HCO-3) available to ribulose 
biphosphate carboxylase. NR catalyses the conversion of nitrate to nitrite which 
is ultimately reduced to ammonia. Keeping the importance of the enzymes in 
view, it was considered desirable to get some knowledge about the pattern of 
their activities in leaves during growth of mustard. 
A pot experiment was, therefore, conducted on mustard (Brassica juncea 
L. Czem. & Coss.) cv. Varuna during rabi (winter) season in a net house of the 
Department of Botany, Aligarh Muslim University, Aligarh (27°53'N, 78°4'E, 
and 187.45 m altitude), India. Twenty-five earthen pots (diameter: 25cm; height: 
25 cm) each filled with 5 kg of an autoclaved homogenous mixture (3 : 1) of soil 
and well rotten farm yard manure providing five replicates for each sampling. 
Ten surface-sterilized seeds of mustard were sown in each pot. After 
germination, four vigorously growing healthy plants were maintained in each pot 
till 120 days after sowing (DAS). The pots were irrigated with water as and 
when required. At 40, 60, 80, 1(X), and 120 DAS, leaf CA activity was assayed 
adopting the method of Dwivedi and Randhawa (1974) and leaf NR activity, 
following Jaworski (1971). 
Data (Table 1) reveal that the activities of CA and NR increased linearly 
upto 80 DAS after which they showed a downward trend till 120 DAS. Similar 
observation has been made for NR activity in cauliflower by Afridi and Hewitt 
(1964). 
'"^ Department of Botany, Aligarh University, Aligarh-202002, India 
362 MOHAMMAD et al. 
Table 1. Leaf carbonic anhydrase and nitrate reductase activities during 
grovtih of mustard cv. Varuna (mean of five observations ± SE). 
Days after 
Sowing 
40 
60 
80 
100 
120 
CA activity 
(^molC02kg"' 
leaf fresh wt s ' ' ) 
255.21 ± 3.29 
298.61 ± 2.69 
340.27 ± 2.69 
149.31 ±2.69 
90.69 + 5.38 
NR activity 
(nmolNOj'^g"' 
leaf fresh wt) 
139.80 ±3.74 
143.20 ±1.39 
146.80 ±2.21 
58.40 ± 0.25 
27.00 + 0.41 
Flowering in cv. Varuna of mustard commences at 40 DAS and is followed 
immediately by fruit set. The process continues till about 80 DAS. During this 
period, the developing sink (fruits and seeds) puts a heavy demand on 
metabolites produced in the leaves (source). As senescence sets in after 80 DAS, 
this demand diminishes gradually. The observed pattern of activities of the two 
key enzymes selected for the present study shows that a sustained supply of 
HCO-3 ions and reduced nitrogen is maintained for the process of 
photosynthesis and protein synthesis, respectively, till 80 DAS and thereafter it 
decreases, according to the well known law of demand and supply. 
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RESPONSE OF THREE MUSTARD GENOTYPES TO SOIL-APPLffiD AND LEAF-
APPLIED NUTRIENTS 
FIROZ MOHAMMAD AND TAUHEED KHAN 
Departmenl of Botany, Aligarh Muslim University, Aligarh-202 002 India. 
(Accepted June. 1997) 
A field experiment was conducted at Aligarti on mustard varieties Rohini, Vaibhav and Vaiuna grown with either 60 kg N -f 20 kg 
P or 90 kg N + 30 kg P/ha with nitrogen being applied as (i) full basal (B), (ii) 2/3 basal + IA3 ton liessing (T) or (iii) 2/3 basal ••- 1/3 
foliar (F). The plants receiving full basal treatment were sprayed with deionised water (F^). A unL' iost of 30 kg K/ha was given at 
the time of sowing. The top-dressing and spray treatments included application of N in two equal spin AI SO and 70 DAS. The lower dose 
of N and P proved insufficient for the cultivation of mustard, ruling out the possibility of fertiliser economy for this crop. However, it was 
established that top-dressing surpassed basal treatment while foliar spray excelled even top-dressing. Foliar spray of 30 kg N/ha on plants 
grown with 60 kg N and 30 kg P/ha (Bf^ o^pjo + F^JQ)) proved optimum for ainnost all growth and yield attributing parameters studied. 
This resulted in an increase in seed and oil yield of 11.18%aDd 12.13% respectively over the control, ix. spray of water on plants receiving 
the officially recommended basal dose (90 kg N + 30 kg P/ha). Rohini performed best among the varieties tested, while the interaction Bf^ g^pjQ 
•¥ F|43g X Rohini proved optimum for most characters. 
Key Words : Foliar spray, top-dressing, rapeseed-mustard. 
It is well known that a considerable quantity of 
the fertiliser added to the soil at the time of sowing 
remains unutilised by crop plants (Anonymous, 1971) 
and thereby reduces the cost-benefit ratio. To get 
maximum fertiliser-use efficiency, farmers normally 
practise ^lit application for the cultivation of major 
crops, including one or more top-dressings. It is 
noteworthy that foliar spray of nutrients has proved 
superior to tq>-dres$ing in several crops, including 
mustard (Barat and Das, 1962; Afridi et ai, 1983; 
Mohammad et al, 1987). 
However, it is also to be realised that the re-
sponse to fertiliser application differs from species to 
species and even from variety to variety of the same 
species (Millikan, 1961; Langer, 1966). Moreover, 
new techniques could appeal to the fanner only if 
they help increase productivity, reduce the bill of bis 
inputs or both. Therefore, keeping efficacy of split 
application of nitrogen and fertiliser economy in mind, 
a field experiment was conducted on three new high 
yielding cultivars of mustard, applying two sub-op-
timal doses of basal nitrogen (N) and phosphorus (P) 
and providing supplemental N by top-dressing or 
foliar spray so as to compare the efficacy of these 
techniques. 
MATERIALS AND METHODS 
A factorial randomised block design field experi-
ment was performed in 10 sq m beds on three vari-
eties of mustard {Brassicajuncea L. Czem and Coss) 
in sandy loam soil (pH - 7.9, available N-200, P-22 
and K-248 kg/ha) at the Farm of the Aligarh Muslim 
University, Aligarh. Two rates of N (applied as urea) 
and P (monocalcium superphosphate), viz. 60 kg N 
-• 20 kg P and 90 kg N + 30 kg P/ha and three 
methods of N application, i.e. (i) full basal (B), (ii) 
2/3 basal (B) + 1/3 top-dressing (T). and (iii) 2/3 
basal (B) + 1/3 foliar (F) comprised one variant and 
three varieties of mustard, namely Rohini, Vaibhav 
and Varuna, the other. To compare the efficacy of the 
various methods of nutrient application, the plants 
receiving full nutrient dose at the time of sowing 
were sprayed with deionised water (F^) simultaneously 
with top-dresang/foliar ^ay . Thus, the six treat-
ments were divided into two sets. Set (a) included : 
^') ^N60P20 "•• ^w ^2) B N 4 0 P 2 0 "•• ^N20 ^^^ ®N40P20 * 
FN2O and Set (b) : (4) BN9OP3O + ^w (5) BN6OP3O + 
TN3O. (6) BN60P30 + P N30- ^" addition, 30 kg K/ha 
was applied uniformly as muriate of potash at the 
time of sowing. The additional N was given in two 
equal splits; half at SO days after sowing (DAS) when 
vegetative growth was vigorous and the remaining 
half at 70 DAS, the stage coinciding with the onset 
of flowering. Each treatment was replicated thrice. 
The seeds were sown in rows at the rate of 10 kg/ 
ha. Weeding was done twice and thinning, once, at 
Received August, 1996 
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Table 1. Effect of top-dressing (T) and foliar spray (F) of N with two basal doses (B) of N and P on leaf area index and dry weight^>laiit 
in three varieties of mustard. 
Varieties (v) 
Rohini 
Vaibhav 
Varuna 
Mean 
CD. at 3% 
Rohioi 
Vaibhav 
Vanina 
Mean 
CD. at 5% 
^N60P20*^w 
2.61 
1.92 
2.29 
2.27 
1 = 0.41, 
25.18 
20.84 
22.82 
22.94 
t = 0.32, 
Set (a) 
^N40P20*^ N20 
3.10 
2.08 
2.65 
2.61 
V = 0.39 
27.95 
22.09 
26.72 
25.59 
V = 0.45 
^N40P20*^ 
3.54 
2.64 
3.12 
3.10 
ttv = 
32.73 
25.71 
29.48 
29.31 
t X V 
N20 
0.78 
Treatments (t) 
^N90P30*''w 
Leaf area index 
4.21 
2.96 
3.46 
3.54 
Set (b) 
^60P30*^N3O 
5.13 
3.66 
4.19 
4.32 
Dry weight^Unt (g) 
35.56 
27.90 
32.62 
32.03 
= 0.79 
37.93 
31.79 
36.40 
35.37 
^N60P30"''PNJ0 
6.27 
4.42 
4.88 
5.19 
40.72 
35.51 
38.73 
38.32 
Meaji 
4.14 
2.94 
3.43 
33.34 
27.31 
31.13 
N.B. : A UDiform dose of 30 kg K/ha was added at sowing. 
Table 2. Effect of top-dressing (T) and foliar spray (F) of N with two basal doses (B) of N and P on the N, P and K status of plants in 
three varieties of mustard. 
Varieties (v) 
Rohini 
Vaibhav 
Vanioa 
Mean 
CD. at 5% 
Rohini 
Vaibhav 
Vanina 
Mean 
CD. at 5% 
Rohini 
Vaibhav 
Varuna 
Mean 
CD. at 5% 
N^50P20"'"Pw 
2.34 
1.91 
2.16 
2.13 
t = 0.21, V = 
0.270 
0.252 
0.281 
0.267 
t = 0.024, V 
3.53 
3.23 
3.30 
3.35 
1 = 0.12, 
Set I (a) 
^N40P20+TN2O 
0.15 
2.44 
2.04 
2.28 
2.25 
0.281 
0.260 
0.280 
0.273 
= 0.017 
V : 
3.60 
3.28 
3.35 
3.41 
= 0.80 
Treatments (t) 
^N40P20+''N20 ^N90P30+''W 
2.63 
2.25 
2.50 
2.46 
txv = 0.36 
0.301 
0.280 
0.322 
0.301 
Nitrogen content 
3.22 
2.89 
3.02 
3.04 
Riosphorus contenl 
0.370 
0.332 
0.380 
0.360 
t X V = 0.042 
3.73 
3.36 
3.55 
3.54 
t X V = N.S. 
Potassium content 
3.08 
2.86 
3.05 
Z99 
BN 
(*) 
Setft.) 
50P3O+'''N30 
3.40 
3.26 
3.20 
3.28 
l(%) 
(*) 
0.380 
0.344 
0.388 
0.370 
1 
3.11 
2.95 
3.10 
3.05 
BN60P30'''PN30 
3.64 
3.30 
3.45 
3.46 
0.390 
0.381 
0.410 
0.393 
3.21 
3.10 
3.19 
3.16 
Mean 
2.94 
2,60 
2,76 
0.332 
0.308 
0.343 
3J7 
3.13 
3.25 
N.B.: A uniform dose of 30 kg K/ha was added at sowing. 
N.S. = Non-significanL 
the first weeding. The crop received two irrigations 
between sowing and harvesting (130 DAS). Leaf area 
index (LAI), dry weight/plant and leaf N, P and K 
contents were studied at 80 DAS. 
Leaf powder was digested and assayed for its N 
content, using the method of Lindner (1944). For leaf 
P content, the following technique of Fiske and 
Subbarow (1925) was adopted: 
S ml of the digested leaf powder was taken in a 
test tube, to which 1 ml molybdic acid (2.5% ammo-
nium molybdate in 10 N H2SO4) was carefully added. 
To this was added 0.4 ml of a solution of 1,2,4-
Response of Uiree mustard genotypes 
junino-naphtliol-sulphonic acid, prepared by dissolv-
ing 500 mg in 195 ml of 15% sodium bisulphite, 
followed by 5 ml of 20% sodium sulphite. After 5 
minutes, the optical density (O.D.) of the developed 
blue colour was read at 620 nm, using a blank. A 
standard curve was prepared using 10 dilutions of 
potassium dihydrogen orthophosphate (0.1-1.0 ml of 
100 ppm P each diluted to 5 ml with D.D.W.) versus 
O.D. For preparing the stock solution of 100 ppm P, 
351 mg of KH2PO4 was dissolved in sufficient water, 
to which was added 10 ml of 10 N HjSO^ and the 
final volume made upto 1 litre with D.D.W, 
Potassium was estimated flame photometrically. 
Pods/plant, seeds/pod, hecto-litre weight and seed 
yield/lia were noted at harvest. Oil percentage of the 
harvested seeds was determined with the help of 
Soxhlet apparatus using petroleum ether as solvent. 
Oil yield/ha was calculated on the basis of seed yield 
and oil percentage. The data were analysed statisti-
cally using tlie F-test for estimating the significance 
of variance and values for critical difference (CD.) 
at P = 0.05 were also calculated (Panse and Sukhatme, 
1985). 
RESULTS AND DISCUSSION 
The effect of tiic treatments, varieties and their 
interaction was found to be significant on almost all 
the parameters studied. In general, mustard showed 
a preference for 90 kg N (Set b) applied as full basal 
or 2/3 basal + 1/3 top-dressing/foliar spray, with the 
application to the leaves giving the best results (Tables 
1-5). The salient features of the data are discussed 
below. 
Vegetative growth: Table 1 reveals that all treat-
ments in Set (b) proved superior to those in Set (a) 
with regard to LAI and dry matter production. Thus, 
®N6OP30 •*• P N30 increased LAI by 46.6% and dry 
weight/plant by 19.6% over the control for set (b), i.e. 
N^9OP30 '*' ^w' which represents the optimal basal 
dose for the local cultivation of mustard (Mohanunad 
et ai, 1985). The superiority of the treatments in Set 
(b) over those in Set (a) is understandable, as the 
quantity of N and P supplied in the latter was not 
sufficient for the manifestation of the full genetic 
potential of the crop, with regard to vegetative growth 
prior to the onset of flowering. The reason for this 
is not far to seek in view of the well established role 
of these nutrients in the formation and functioning of 
some of the most important plant metabolities, in-
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eluding chlorophyll and oUier porphyrins, coenzymes, 
nucleoproteins, nucleic acids, etc. (DevUn and Witham, 
1986; Marschner. 1986). LAI represents the number 
of leaves/plant and area/leaf. As N and P are involved 
directly in the production and enlargement of new 
cells and tissues, they have a direct bearing on leaf 
production and expansion. The consequent larger 
surface area of leaves produced in Set (b) was, there-
fore, better equipped ro harvest the radiant energy 
and to produce more photosynthates, as revealed by 
the higher dry weight of the plants in each of the three 
treatments of this set. Obviously, the ready availabil-
ity of one of these nutrients (nitrogen) to the 
metabolising surface directly by foliar application at 
critical stages of vegetative growth (50 DAS and 70 
DAS) added to its efficacy further. This is substan-
tiated not only by the highest LAI and dry weight/ 
plant in U'eatment B^^ opjQ + F JJJQ but is also mani-
fested in the parameters of reproductive growth Uiat 
are discussed later. That this treatment also favoured 
the N, P and K status of the plants (Table 2), helping 
in Uie accumulation of 13,8% more N, 9.1% more P 
and 5.7% more K than the control (B^gopjo + F^), 
is further proof of superior efficacy of foliar spray of 
nitrogen which has been demonstrated by a number 
of workers, including those working on mustard 
(Parvair el al. 1982a; SamiuUah el al.. 1985; 
Mohammad et ai, 1987). 
Reproductive growth : Flower and fruit forma-
tion and economic yield of crop plants is dependent 
upon their vegetative growth and on the availability 
and proper balance of mineral nutrients (Marschner, 
1986). It has already been noted that, compared with 
the sub-optimal treatments in Set (a), growth and 
NPK content were higher in Set (b). However, in the 
individual sets themselves, split application of niu-o-
gen proved superior to one-time (basal) application 
of the same quantity. This beneficial effect is re-
flected more prominently as the plants passed into the 
reproductive phase of growth. Thus, presumably 
through better partitioning of tiie photosynthates at 
the onset of fiowering, more pods/plant, seeds/pod 
and higher hecto-litre weight were noted in (i) Set (b) 
than in Set (a) and (ii) in split application of N in 
either of the two sets (Tables 3-5). As an example, 
the best treatment (B^^ppjo ••" ^ N30^  produced 63.3% 
and 12.6% more pods/plant, 17.9% and 5.9% more 
seeds/pod and 1.2% and 0.3% higher hecto-liti¥ weight 
of seeds Uuui the two controls of Set (a) and Set (b). 
36 Mohammad and Khan 
Table ?. Effect of top-dressing (T) and foliar spray (F) of N with two basal doses (B) of N and P on pods/plant and seetis/pod in three 
varieties of mustard. 
Varieties (v) 
Rohini 
Vaibhav 
Vaiuna 
Mean 
CD. at 5% 
Rohini 
Vaibhav 
Vanina 
Mean 
CD. at 5% 
^N60P20*''w 
255.00 
213.00 
233.33 
233.77 
t = 5.21. V = 
11.21 
10.80 
11.06 
11.02 
t = 0.19, 
Set (a) 
^N40P20*^N20 
280.00 
230.00 
252.33 
2.M.11 
3.68 
11.40 
il.OO 
11.26 
11.22 
V = 0.14 
®N40PI0*'^ N20 
302.66 
244.00 
280.00 
275.55 
ttv = 9.21 
11.66 
11.31 
11.51 
11.49 
t X V = N.S. 
Treatments (t) 
®N90PJ0*''w 
Pods^laot 
372.00 
302.00 
343.00 
339.00 
Seeds^pod 
12.62 
11.88 
12.31 
12.27 
Set<b) 
®N60P30*^ N30 
394.66 
345.00 
356.33 
365.33 
13.20 
12.60 
12J7 
12.67 
^ N 6 0 P 3 O * ' ' N 3 O 
410.33 
348.00 
387.33 
381.88 
13.50 
12.48 
13.00 
12.99 
Mean 
335.77 
280.33 
308.72 
12.26 
11.62 
11.95 
N.B.: A uniform dose of 30 kg K/ha was added at sowing. 
N.S. = Non-significant. 
Table 4. Effect of top-dre.tsing (T) and foliar spray (F) of N with two basal doses (B) of N and P on hecto-litre weight and seed yield in 
three varieties of mustard. 
Varieties (v) 
Rohini 
Vaibhav 
Vanina 
Mean 
CD. at 5% 
Rohioi 
Vaibhav 
Vanina 
Mean 
CD. at 5% 
^N60P20*'^w 
65.95 
64.(» 
65.01 
65.01 
t = 0.08, V = 
1030.00 
883.00 
960.33 
957.77 
t = 14.29, V 
Set (a) 
^N40P2O*' ' "N20 
66.11 
64.06 
65.33 
65.16 
0.06 
1085.00 
950.66 
1024.00 
1019.88 
= 13.64 
^N40P20*'^ N20 
Treatments (t) 
^N9OPJ0*'^w 
Set ft)) 
N^6OP3O*^ N30 
Hecto-litre weight (kg) 
66.26 
64.13 
65.36 
65.25 
Uv = 0.14 
1145.00 
998.33 
1068.33 
1070.55 
11 V = 33.42 
66.50 
64.54 
65.63 
65.55 
66.68 
64.63 
65.83 
65.71 
Seed yield (kg/ha) 
1280.00 
1095.66 
1189.66 
1188.44 
1330.66 
1221.66 
1257.00 
1269.77 
^N60PJO*^N30 
66.73 
64.73 
65.91 
65.79 
1413.33 
1221.00 
1329.66 
1321.33 
Mean 
66.37 
64.34 
65.52 
1213.99 
1061.71 
1138.16 
N.B. : A uniform dose of 30 kg K/ha was added at sowing. 
•^2 BN60P20 + F^ and BN9OP3O + ^ws respectively. 
As would be expected, this ultimately resulted in 
enhanced seed yield (Table 4). Thus, treatment 
^N60P30 •*• '^ N30 8^ ®^ 37.9% and 11.18% more seeds 
^^ ^N60P20 + ^w and BN90P30 + ^w- respectively. 
These data confinn die results of Mohammad et al. 
(1987) on Vanma, one of the varieties included in the 
present trial. 
Correlation studies further conftmi this proposi-
tion. It may be noted Uiat seed yield was significanUy 
and positively correlated wiUi pods/plant (r = +0.992), 
seeds/pod (r = +0.982) and hecto-litre weight (r = 
+0.693). It may be pointed out that similar beneficial 
effect of foliar implication of nitrogen on the yield 
performance of a few varieties of mustard (other than 
Rohini and Vaibhav) has been reported from this 
laboratory by Parvaiz et a!. (1982a, b) and Mohammad 
(1992). 
Oil content and oil yield : One noteworthy ob-
servation in Table 5 merits special mention here. The 
oil content of seeds in all (sub-optimal) treatments 
comprising Set (a) is slightiy (albeit sigiuficantiy) 
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Table 5. Effect of top-dressing (T) and foliar spray (F) of N with two basal doses (B) of N and P on the oil content and oil yield in three 
varieties of mustard. 
Varieties (v) 
Rohini 
Vaibhav 
Varuna 
Mean 
r.D. at 5% 
Rohini 
Vaibhav 
Vanina 
Mean 
CD. at 5% 
BN60P20*''W 
39.10 
38.91 
39.05 
39.02 
t = 0.19. V = 
402.74 
343.64 
375.07 
373.81 
t = 7.84, V : 
Sel(») 
^N40P20*''^N20 
39.38 
39.17 
39.31 
39.28 
N.S. 
427.25 
372.43 
402.54 
400.74 
= 5.54 
^N40P20'*'''N20 
39.67 
39.45 
39.66 
39.62 
Uv = N.S. 
4.55.31 
393.88 
423.81 
424.33 
t X V = 13.59 
tVeatments (t) 
Set (b) 
BNMPJO*''* ^N60PJ0*'^N30 
Oil content (%) 
38.58 
38.46 
38.54 
38.52 
Oil yield (kg/ha) 
493.84 
421.36 
458.53 
457.91 
38.70 
39.06 
38.67 
38.81 
514.93 
477.24 
486.15 
492.77 
^N60P30*^N30 
38.90 
38.81 
38.85 
38.85 
549.85 
473.98 
516.60 
513.47 
Mean 
39.23 
38.97 
39.01 
473.98 
413.75 
443.78 
N.B.: A uniform dose of 30 kg K/ha was added at sowing. 
higher than the oil content in treatments of Set (b). 
The most apparent explanation for this adverse effect 
of the full dose of nitrogen seems to be the prefer-
ential utilisation of carbon skeletons, at the time of 
seed filling, toward protein synthesis rather than oil 
formation. This has been reported earlier for mustard 
grown with high basal nitrogen doses (Arora and 
BhaUa, 1970; Tomer et ai, 1992). Mohammad et al. 
(1992) have also made a similar observation for 
mustard variety Varuna, using supplemental foliar 
spray technique. 
However, it may be pointed out that, comparing 
the top-dressing/foliar spray treatments of Set (a) and 
Set (b) with their respective controls, slightly higher 
but significant oil content values were obtained in the 
two treatments of each set, indicating the desirability 
of split application of N rather than applying the full 
dose at the time of sowing. This proposition is dra-
matically brought out on computation of oil yield/ha 
(Table 5), as treatment B^ Q^pjQ + Fj^j^ was found to 
give 37.4% and 12.13% higher oU yield than B^^ p^jo 
+ F^ and B^^^^Q+F^, respectively. 
Varietal response : Considering the comparative 
performance of the three varieties (Rohini, Vaibhav 
and Vanina) with regard to growth parameters, leaf 
NPK concentration and yield attributes, Rohini proved 
best for most of the parameters studied and was 
followed by Varuna (Tables 1-5). Thus, seed yield, 
which is the deciding criterion of performance for the 
farmers, was 14.3%. and 6.6% higher in Rohini than 
in Vaibhav and Varuna, respectively. 
Interaction effect : Among interactions 
^N60P30 ••" ^ N30 ^ Rohini out-yielded most other 
interactions significantly (Tables 1-5). Aiq)arently this 
good performance could be traced not only to the 
better effect of this combination during the vegetative 
phase of growth as is revealed by its 41.8% and 
28.4% higher LAI and 14.6 and 5.1% higher dry 
weight than BN^OPJO + FN30 ^ Vaibhav and BN(,OP3O 
+ Ffj3o X Varuna respectively (Table 1) but also 
during the reproductive phase. Thus, pods/plant were 
17.9% and 5.9% more in Bjj^ QpjQ + F^3Q X Rohini 
than m B j^j^ ^pjo -h F^ J^Q X Vaibhav and BN6OP3O 
+Ff^ 3Q X Varuna, respectively (Table 3). Even the 
hecto-litre weight was highest in BJJ^,^Q •••PN30 ^ 
Rohini (Table 4) although the difference was mar-
ginal. It is, therefore, not surprising that these at-
tributes contributed cumulatively to the highest seed 
yield in this combination noted above. The seed yield 
°^ '^ N60P30 "'•^ N3o ^ Rohini was so maikedly higher 
than that of the other combinations that inspite of the 
non-significant effect of t x v on seed oil content, it 
out-yielded B^^opjo +FN3O X Vaibhav and BN^OPJO 
+Ff^ 3Q X Varuna in oil production also by 16.0% and 
6.4% respecUvely (Table 5). 
It may be of interest to add here that, in various 
varietal trials carried out so far, including Uiose of 
Samiullah et al. (1983) and Mohammad et al. (1984), 
Varuna had been proving superior to other varieties 
tested. The emergence of Rohini as a better yielder 
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than Varuna is, therefore, a welcome observation, 
particularly in view of the chronic shortage of edible 
oils in our country. 
The authors arc highly thankful to Prof. M.M.R.K. 
Afridi for suggestions and critical conunents and to 
theChaiiman, Department of Botany, A.M.U., Aligarh 
for providing necessary research facilities. 
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BRIEF COMMUNICATION 
Effect of nitrogen on carbonic anhydrase activity, stomatal 
conductance, net photosynthetic rate and yield of mustard 
F MOHAMMAD*,! KHARRM AFRIDI and A FATMA 
Department of Botany Ahgarh Muslim University Aligarh 202002 India 
Abstract 
Mustard {Brassica jumea L ) c\ Rohini was grown under three levels of urea 
nitrogen fertilization [0, 2, and 4 g(N) por'] Carbonic anhydrase activity and net 
photosynthetic rate in leaves of 50 d-old plants as well as yield attnbutes at har\ est 
increased with increasing levels of nitrogen Stomatal conductance was not affected 
and oil content decreased 
Additional key words Brassica luncea oil content of seeds seed mass and number urea \ieid 
attnbutes 
Carbonic anhydrase (CA, EC 4 2 11) catahzes the reversible hydration of carbon 
dioxide and is essential for optimal photos\Tithetic activity (Everson 1970) keeping 
this in view, the present expenment was perfonned to study the effect of graded 
levels of fertilizer nitrogen on CA actiMty stomatal conductance (gj) ^'^^ "et 
photosynthetic rate (P^) as well as jaeld attnbutes of mustard 
Mustard {Brassica juncea L ) c\ Rohini \\ as grown m earthen pots in the garden 
of the Department of Botany, Ahgarh Muslmi I nnersity •Migarh (27°53' N, 78°4' E 
and 187 45 m altitude), India Each pot (diameter 25 cm height 25 cm) v^ as filled 
with 4 kg of an autoclaved homogeneous mixtiue (3 1) of soil and farmyard manure 
texture - sandy loam, pH 7 4, conducdMty 0 65 dS m ' , available mineral elements 
0 39 g(N) per' [22 1 g(N) m-2]. 0 04 g(P) per' [2 4 g(P) m-^], and 0 64 g(K) pof' 
[35 6 kg(K) m"2] Five pots were earmarked for each treatment consisting of three 
levels of urea mtrogen, viz 0, 2, and 4 g(Tv) pot"' Nitrogen was applied m two equal 
splits, J e, half at sowing (25 October), and the remaining half 30 d after sow mg 
(DAS) Three vigorously growing plants were maintained in each pot The pots were 
ungated initially on alternate days Later, as air temperature increased, watermg w as 
done as frequently as required CA activity, P^. and g^ were studied at 50 DAS P\ 
and gs were determined by the LICOR 6200 Portable Photosynthesis System in 
comparable leaves at 10 00-11 00 h CA acti\it\ was measured accordmg to Dwuedi 
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and Randhava (1974) At harvest (14 March), pods per plant, seeds per pod, 100 seed 
mass, seed yield per plant, oil content of air-dned seeds, and oil yield per plant were 
determined Oil was extracted m the Soxhlet apparatus using petroleum ether as 
solvent Values were analyzed statistically to assess their significance, using the F 
test Correlation coefficient values for different pairs of parameters were also 
determined (Gomez and Gomez 1984) 
The effect of added nitrogen was significant on CA activity. Z'^ , and most yield 
parameters, which were enhanced linearly (Table 1) However, the effect on g^ was 
non-significant On the other hand, oil content of seeds was reduced significantly 
Application of 4 g(N) pot '^, that proved the most effective treatment, increased CA 
activit> by 34 4 % P ,^ by 65 4 % pods per plant by 60 5 %. seeds per pod by 9 1 %, 
100 seed mass by 4 6 %, seed yield per plant b> 57 4 °o and oil >ield per plant b> 
50 4% whereas oil content was decreased bv 4 5 °o when compared with the no-
ninogen control 
Table 1 Effect of nitrogen on carbonic anh\drase actnilv stomatal conductance (g^) net 
photos\Tithetic rate (P^) and Meld characteristics of mustard N S = non-significant 
Characteristic Nitrogen concentration [g(N) pot'] C D at 5 % 
0 2 4 
CA acti\it\ (nmoHCOj) kg '(leaf f m ) s '1 441 66 'i^o 41 >>}> 7> 34 86 
Ijj [mol m- s '] 
/ '^ |^mol(C02)m-s'] 
Pod number per plant 
Seed number per pod 
100 seed mass |mg] 
Seed Meld per plant [g] 
Oil content of air-dntd seeds |% m/m| 
Oil Mcid per plant [g| 
Similar results have been published on the effect of applied nitrogen on other 
enzymes, including nitrate reductase (Afndi and Hewitt 1964, Hunter 1983, 
Snvastava and Douglas 1989) 
The ameliorating effect of applied nitrogen on / \ noted m the present study could 
be expected on two counts First, the enhanced C\ actmtv would make considerable 
quantity of additional carbon dioxide available for the piocess Secondly, a number 
of compounds involved in photosynthesis, such as chlorophylls, enzymes and co-
enzymes, being themselves nitrogenous in nature, not onl> depend upon this essential 
nutrient element for their production (Marschner 1986) but also show a linear 
relationship to increasing quantities of added nitrogen withm limits (Salisbury and 
Ross 1992) 
The beneficial effect of nitrogen on yield charactenstics could be attnbuted to its 
role as a constituent of numerous metabolic compounds which take part in the 
growth and development of the plant (Salisbury and Ross 1992) The present effects 
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EFFECTS OF NITROGEN IN MLST.^ RD 
on yield attributes confirm our earlier findings (Mohammad et al. 1985) as well as 
those of Rana el al. (1991) on mustard. 
The oil content of seeds decreased with increasing levels of nitrogen (Table 1) 
The apparent explanation for this ad\'erse effect of nitrogen is the preferential 
utilization of carbon skeletons, at the time of seed filling, towards protem s>Tithesis 
rather than oil formation (cf the findings of Mazur ei al. 1977, Kalra and Tnpathi 
1980, Chourasia el al 1992 on rape, sunflower, and linseed, respectively) Houe\er. 
the positive effect of applied nitrogen on seed yield was so spectacular that it out-
balanced the lowered oil content value of seeds in providing considerabK enhanced 
oil yield per plant (Table 1), an ob\ious commercial advantage. 
Seed yield at 4 g(N) pof' was strongly and positively correlated (Table 2) with 
number of pods per plant {r - 0.994). seeds per pod (r = 0.971), and 100 seed mass 
(r = 0.987) Therefore the highest seed \ield was gained at this level of applied N 
(Table 1). 
Table 2 Correlation coefficients (r) for selected pairs of characteristics of mustard For abbre\iation> 
see Table 1 
Characteristic 
CA activitx 
/ \ ' 
Pods per plant 
Seeds per pot 
100 seed mass 
Seed \ leld 
/ \ 
0 9.S9 
-
-
-
-
-
Pods pel 
0 W 7 
0 9W 
-
-
-
-
• plant Seeds 
0^77 
t> 9^.^ 
O^M 
-
-
-
per pot 100 seed 
0Q8.S 
0 992 
0 993 
0 922 
-
-
mass Seed \ 1 
0 999 
0 997 
0 994 
0971 
0 987 
-
leld Oil content 
N S 
N S 
N S 
-0 916 
-0 999 
-0 985 
The additional requirement for caibon skeletons needed for the enhanced 
accumulation of metabolites m the seed was met through efficient photos\Tithesis due 
to increased CA activit>' which was strongh and positively correlated with P\ (r = 
0.959) This finding corroborates the results of Edwards and Mohamed (197?) on 
Pha.seolm vulgaris and of Ohki (1978) on (rlycine max. 
Thus, we may conclude that higher \ield of seed and oil m mustard was the result 
of the stimulatoiy effect of applied nitrogen on CA activity and P\ These 
biochemical and physiological parameters stimulate plant growth and ameliorate 
yield attributes which contribute cumulatueK to the final yield of a crop, as has been 
confirmed in the present stud> 
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Germination and Growth of 
Datura innoxia Mill. 
I. in vitro Studies on the Effect of 
Pre-Sowing Seed Treatment with 
Selected Vitamins on 
Germination and Seedling Growth 
Rifat M. Afiridi*, R. Raoagopal**, 
S.H. Afaq* and Firoz Mohammad** 
*Department of Ilmul Advia, 
A.K. Tibbiya College, 
••Department of Botany, 
Aligarh Muslim University, 
AligaTh-202 002, U.P., India. 
An inexpensive technique for ensuring high 
percentage of m vitm seed germination of Datura 
injioxia Mill, a hard to germinate medicinal plant 
producing scopolamine, was tested successfully in a 
factorial randomised experiment. Assay of seeds for 
their native vitamin Bj, B^ and C contents revealed 
veiy low concentrations. They were, therefore, treated 
for 18 h at 20°C with 0, 250, 500. 750 or 1,000 ppm of 
these three vitamins as well as B-complex and 
incubated in petri dishes for 6 weeks. Counts, made at 
weekly intervals, indicated 28 days as the optimal stage 
for germination. Growth parameters, studied at 35 days 
were found to be significantly affected by all treatments 
at P=0.05. Out of the four vitamins treated, B. and, 
among the concentrations, 500 ppm alone and in 
combination proved most eflicacious in breaking seed 
dormancy and accelerating early seedling growth of 
D. innoxia. 
Keywords: Datura, factorial randomised experiment, growth 
parameters, Vitamins (B^, B^, B-Complex and C). 
Introduction 
Datura innoxia Mill, (family Solanaceae) is an 
important medicinal herb (Gerlach, 1948; Anonymous, 
1952; Dastur, 1962; Amalr^u, 1981; Kirtikar and Basu, 
1987). It grows in the wild in India but escalating cost 
of collection and doubtful authenticity of the procured 
drug necessitate its large scale cultivation on scientific 
lines. To attain success in this regard, improvement in 
the percentage of germination, which is normally lower 
than 50% (Anonymous, 1952; Dastur, 1962; Amalraj, 
1981; Kirtikar and Basu, 1987), is essential. As seeds 
are dormant, slow to sprout and show poor germination, 
the commercial success of such an endeavour would 
depend upon (1) breaking seed dormancy and 
(2) improving germination percentage. It is well 
documented that this could be achieved either through 
chemical treatment or by employing physical technique 
or both (Bewley and Black, 1982). Among the 
compounds used for this purpose, phytohormones have 
proved efficacious but are rather expensive. Vitamins 
of the B-group and vitamin C could also act as 
phytohormones, regulating germination, growth and 
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development of plants (Oertli, 1987; Samiullah et al., 
1988; Salisbury and Ross, 1992) and are comparatively 
less expensive. 
It was, therefore, decided to test the comparative 
efRcacy of pre-sowing seed treatment with low 
concentrations of vitamin Bj, Bg, B-complex and C in 
improving germination percentage and seedling growth 
of D. innacia seeds in vitro on the basis of the earlier 
experience of our colleagues with a variety of crop 
plants (Samiullah et al.. 1988). 
Materials and Methods 
Mature seeds (Plate I) were collected from 
authentic field grown plants of Datura innoxia Mill. 
(Voucher No: Aligarh, Husain 652.543, AMU 
Herbarium) and stored for 4 months. They were then 
tested for their native vitamin content. Vitamin Bj 
was determined using th* technique of Horwitz (1972). 
,Bg, according to Hochberg et al., (1944), and C, by the 
visual titration method. 
For seed germination studies, healthy looking 
seeds of uniform size were surface-sterilised with 95% 
ethanol for 2 min, washed twice with distilled 
water and dried between folds of filter paper. Sufficient 
number of sterilised seeds were then soaked in 0, 250, 
500, 750 or 1,000 ppm levels (L) of freshly prepared 
aqueous .solution of Bj, Bg, B-complex and C vitamins 
(V) for 18 h at 20 ± 2°C, with frequent shaking. Twenty 
such treated seeds were spread in separate petri dishes 
containing moist cotton pads sandwiched between filter 
papers. Natural cycle of temperature was simulated 
by keeping the petri dishes in a B.O.D. incubator first 
at 10 ± 2''C for 16 h and then at 22 ± 2°G for 8 h daily. 
Germination counts were made at weekly 
intervals up to 35 days and percentage germination 
after each week was calculated'therefrom which was 
found to be maximum at 28 days. This was followed 
by selecting randomly four seedling^ from each 
replicate at 35 days to study seedling growth. The 
following parameters were selected for assessment of 
the comparative efficacy of the treatments: 
(1) Seed germination percentage. (2) Index of 
speed of seed germination (ISSG). (3) Fresh weight 
seedling"*. (4) Dry weight seedling"*. (5) Root length 
seedling"*. (6) Shoot length seedling"*. (7) Total length 
seedling"*. (8) seedling vigour index (SVI). 
ISSG was calculated according to Agarwal 
(1980); e.g. ISSG at 05 days = 
number of sepds grprminwt^ H at 7 
7 
iays 
+ number of seeds germinated at 14 days 
14 
+...+...+ number of seeds germinated at 35 davs 
35 
Seedling vigour index was obtained by multiplying % 
germination with total length seedling"*. 
Most data proved significant at P = 0.05 (Gomez 
and Gomez, 1984). 
Results 
A) Native Vitamin Content 
Analysis of D. innoxia seeds revealed that their 
vitamin concentration was very low. For example, 
Bj, Bg and C content was 0.006 ± 0.0003,0.002 ± 0.0002 
and 0.03 ± 0.002% respectively. 
B) Germination Studies 
1) PEBCENT SEED GERMINATION 
Vitamin Bg, followed by Bj and C, was noted to 
be most effective. Among concentrations, 500 ppm 
proved optimum. All vitamins, except B-complex, 
interacted equally well with 500 ppm in increasing 
germination maximally; e.g. Bg x 500 ppm enhanced 
germination by 358% over Bj x 0 ppm (Table 1; 
Plates II-IV). 
2) INDEX OF SPEED OF SEED GEBMmATioN 
All v i tamins tested proved significantly 
efficacious, with Bj, Bg and C being equally effective. 
ISSG increased linearly up to 500 ppm, higher 
concentrations being at par with it. V x L interaction 
effect was non-significant (Table 1). 
C) Seedling Growth 
1) FRESH WEIGHT SEEDUNG"* 
Oormparing various vitamins, Bg proved best for 
this parameter. The optimum level of vitamins was 
500 ppm. However, 750 ppm had equal effect. Among 
the interactions, all vitamins (except B-complex) at 
500 ppm proved equally effective. Thus, Bg x 500 ppm 
enhanced fresh weight by 105% over Bj x Oppm 
(Table 2). 
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TABLE 1 
Effect of seed treatment with four vitamins (V) at live levels (L) and ct their 
interaction (V z L) on per cent seed germination and 
index of speed of seed germination of DtUura innoxia Mill, under 
controlled conditions 
Vitamin 
levels (L) 
(ppm) 
Vitamins (V) 
B-oomplex 
Blean 
Per cent seed germination (28 days) 
0 
250 
500 
750 
1,000 
Mean 
20.00 
70.00 
86.67 
83.33 
78.33 
67.67 
CD. at 5% 
25.00 
80.00 
91.66 
88.33 
83.33 
73.66 
V:5.16 
25.00 
51.66 
60.00 
85.00 
73.00 
59.00 
L: 5.77 
21.00 
56.66 
93.33 
78.33 
75.00 
65.00 
V X L : 11.55 
22.91 
64.58 
82.91 
83.75 
77.50 
— 
Index of speed of seed germination 
0 
250 
500 
750 
1,000 
1.33 
4.44 
6.24 
5.58 
5.20 
1.92 
5.26 
6.63 
6.29 
5.76 
1.65 
2.55 
4.22 
6.17 
4.51 
1.63 
3.71 
6.94 
4.85 
4.68 
1.63 
3.98 
6.00 
5.72 
5.04 
Mean 4.55 5.17 3.82 4.36 
CD. at 5% V: 0.93 L: 1.04 V X L: NS 
I J.: All values are mean of three replicates. 
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Plato 1 
Seeds of Datura innoxia Mill, (natural size) 
IMat« 2 
Germinating Datura innoxia Mill. Seeds soaked in water 
(control) at 28 days stage. 
Plate a 
Genninating Datura innoxia Mill. Seeds soaked in 
Vitamin B, (thiamine) solution (250, 500, 750, and 1,000 ppm) 
at 28 days stage. 
nat« 4 
Germinating Datura innoxia Mill. Seeds soaked in 
Vitamin Bg (pyridoxine) solution (250, 600, 750 and 1,000 ppm) 
at 28 days stage. 
Plate 6 
(jenninating Datura innoxia MUl. Seeds soaked in 
Vitamin B-complex solution (250, 500, 750 and 1,000 ppm) at 
28 days stage. 
mate 6 
Germinating Datura innoxia Mill. Seeds soaked in 
Vitamin C (ascorbic acid) solution (250, 500, 750 and 1,000 ppm) 
at 28 dkys stage. 
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TABLE S 
Effect of seed treatment with four vitamins (V) at 
five levels (L) and of their interaction ( V x D on 
Cresh weight and dry weight seedling** of 
Datura innttxia Mill, under controlled conditions 
Vitamin 
levels (L) 
(ppm) 
Vitamins (V) 
B-complex 
Mean 
Fresh weight seedling"* (mg) 
0 
250 
500 
750 
1,000 
Mean 
21.00 
30.89 
43.10 
37.77 
34.88 
33.53 
CD. at 5% 
23.50 
35.11 
43.00 
39.88 
38.33 
35.96 
V: 2.01 
22.00 
22.00 
27.55 
39.00 
32.11 
28.53 
L: 2.25 
23.00 
22.94 
45.33 
34.66 
33.88 
31.96 
V X L : 4.50 
22.38 
27.73 
39.74 
37.83 
34.80 
— 
Dry weight seedling"* (mg) 
0 
250 
500 
750 
1,000 
Mean 
1.78 
2.00 
2.44 
2.22 
2.11 
2.11 
CD. at 5% 
2.00 
2.00 
2.44 
2.33 
2.11 
2.18 
V : N S 
2.00 
2.00 
2.11 
2.22 
2.11 
2.09 
L:0.19 
1.88 
2.00 
2.22 
2.00 
2.00 
2.02 
V X L: NS 
1.92 
2.00 
2.30 
2.19 
2.08 
— 
N£. : All values are mean of three replKatea. 
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2) DRY WEIGHT SEEDUNG"' 
Whereas the effect of vitamins on dry matter 
production was non-significant, 500 ppm, among the 
levels tested, proved optimum. The V x L effect was 
also non-significant (Table 2). 
3) ROOT LENGTH SEEDUNG"' 
The vitamins did not affect root length also; 
but 500 ppm (at par with 750 ppm) proved optimum, 
ihe interaction effect was also non-significant 
(Table 3). 
4) SHOOT LENGTH SEEDLING'* 
Bg (equalled by C) proved best for aerial growth. 
Among the 5 levels tested, 500 ppm proved optimum, 
V X L being non-significant (Table 3). 
6) TOTAL LENGTH SEEDLING 
Vitamin Bg (at par with B^ ) proved best for this 
parameter also, increasing total seedling length by 
29% over B-complex which gave the lowest value. 
500 ppm proved optimum. Among interactions, Bg x 
500 ppm proved best, giving 84% higher value over 
B-complex x 0 ppm (Table 4). 
6) SEEDLING VIGOUR INDEI 
Vitamin Bg improved the SVI maximally. Of the 
various levels, 500 ppm (at par with 750 ppm) gave 
the highest values. The combination Bg x 500 ppm 
proved best and enhanced the index by 703% over 
Bj X 0 ppm (Table 4). 
Discussion 
It is well known that seed germination and 
seedling growth are critical stages in the life cycle of 
a plant. Any delay in seed germination can cause 
long-lasting eflTects on plant life. Factors that influence 
seed germination and early seedling growth affect 
development profoundly at subsequent stages. 
Availability of growth regulators, including vitamins, 
in addition to reserve food, plays a crucial role 
during and after seed germination, as impaired 
availability of these substances results in low 
germinability of seeds. The importance of vitamins for 
the processes regulating early plant growth is now 
well documented (Oertli, 1987; Samiullah et al. 1988). 
This is also clearly borne out by our data (Plates II-IV: 
Tables 1-4). Of the parameters selected for study, 
enhanced root growth, resulting from vitamin 
treatment of seeds (Table 3), would be expected to 
increase absorption of water and nutrients through 
enlarged surface area of root and thus to ensure better 
seedling growth. This is confirmed by enhanced fresh 
and dry weight (Table 2). A similar promotive effect of 
vitamins on seed germination and consequent 
improvement in seedling growth has been reported 
from our laboratory for barley (Afridi et al., 1985), 
lentil (Ansari et al., 1990), mustard (Samiullah et al., 
1991) and mungbean (Samiullah et al., 1985) and by 
earlier workers on other crop plants (Asthana and 
Srivastava, 1978; Mehta and Chinoy, 1978; Misra 
et al, 1982; Sharma et al., 1984) and some medicinal 
plants (Sinkovics, 1974; Dey and CJhoudhury, 1982; 
Orzolek, 1983). 
The increased hydration of seeds would help 
hydrolysis of food reserves in the germinating seeds 
and would consequently enhance the availability of 
respiratory substrates for energy production and 
nutrition. It could thus account for the observed 
increase in germination count and ISSG (Table 1) and 
improved seedling growth (Tables 2-4). 
It is noteworthy that poor germination in 
D. innoxia has been attributed mainly to the presence 
of inhibitors in the seed coat (Zutshi and Atal, 1970) 
and this inhibitory effect has been claimed to be 
antagonised by pre-sowing seed treatment with certain 
chemicals, including gibberellins, nitrates, thiourea and 
vitamin C (Singh 1974; Singh et al., 1974; Bewley and 
Black, 1982). Thus, the present study updates the list 
of such antagonists by incorporating some of the 
vitamins of the B group. 
It may, therefore, be concluded that pre-sowing 
treatment of D. innoxia seeds with vitamins, 
particularly Bg at 500 ppm, is highly efficacious as 
well as cost-effective, in breaking seed dormancy and 
increasing germination percentage and subsequent 
seedling growth in vitro (cf. Singh, 1974 who found 
vitamin C at 2,000 ppm to be optimal under similar 
conditions). None the less, we consider it desirable to 
extend the present study to test the efficacy of these 
vitamins in soil culture by germinating the treated 
seeds under natural conditions. 
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Effect of seed treatment with four vitamins (V) at 
five levels (L) and of their interaction ( V x D on 
root length and shoot length seedling"^ of 
Datura innoxia Mill, under controlled conditions 
Vol. XLII, No. 3 
Vitamin 
levels (L) 
(ppm) 
Vitamins (V) 
B. B-compIex 
Mean 
Root length seedling"* (cm) 
0 
250 
500 
750 
1,000 
Mean 
1.63 
1.67 
2.47 
2.41 
2.38 
2.11 
CD. at 5% 
1.70 
2.00 
2.54 
2.30 
2.11 
2.13 
V:NS 
1.57 
1.60 
1.73 
2.20 
1.62 
1.74 
L : 0.27 
1.60 
1.68 
2.38 
1.91 
1.79 
1.87 
V X L : NS 
1.63 
1.74 
2.28 
2.21 
1.98 
— 
Shoot length seedling"* (cm) 
0 
250 
500 
750 
1,000 
Mean 
1.55 
1.62 
2.75 
2.26 
1.69 
1.97 
CD. at 5% 
1.62 
2.37 
3.03 
2.65 
2.34 
2.40 
V : 0.33 
1.45 
1.53 
1.43 
2.02 
2.33 
1.75 
L : 0.37 
1.68 
2.00 
2.07 
2.35 
2.46 
2.11 
V X L : NS 
1.60 
1.88 
2.32 
2.32 
2.20 
— 
N.B. All values are mean of three replicates. 
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TABLE 4 
Effect of seed treatment with four vitamins (V) at 
five levels (L) and of their interaction ( V x D on 
total seedling length and seedling vigour index of 
Datura innoxia Mill, under controlled conditions 
Vitamin 
levels (L) 
(ppm) 
Vitamins (V) 
B-complex 
Mean 
Total seedling length (cm) 
0 
250 
500 
750 
1,000 
Mean 
3.18 
3.29 
5.22 
4.67 
4.07 
4.08 
CD. at 5% 
3.32 
4.37 
5.57 
4.95 
4.45 
4.53 
V: 0.31 
3.02 
3.13 
3.15 
4.22 
^.95 
3.50 
L:0.34 
3.28 
3.68 
4.45 
4.26 
4.25 
3.98 
V X L : 0.40 
3.20 
3.62 
4.59 
4.53 
4.18 
— 
Seedling vigour index 
0 
250 
500 
750 
1,000 
Mean 
63.60 
230.30 
452.40 
389.20 
318.80 
290.86 
CD. at 5% 
83.00 
349.60 
510.55 
437.20 
370.80 
350.23 
V : 25.93 
75.50 
161.70 
189.00 
358.70 
289.65 
214.91 
L: 28.21 
71.04 
208.50 
415.30 
333.70 
318.75 
269.46 
V X L : 56.41 
73.28 
237.52 
391.82 
379.69 
324.50 
— 
N.B. All values are mean of three replicates. 
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ON ENHANCING THE YIELD PERFORMANCE OF FOUR NEW CULTIVARS OF 
LINSEED BY JUDICIOUS APPLICATION OF NITROGEN 
FIROZ MOHAMMAD AND RAFIULLAH SIDDIQUI 
Department of Botany. Altgarh Muslim University. Aligarh-202 002 (U.P) 
(Accepted March, 1999) 
A factorial randomised field experiment was conducted on four newly released cuttivvs of Llitum usilattsstmum L , viz., Gvima, 
Mukta, Neelam and Shubhra, at Aligatt) to study the effect of S graded levels of N (0,30,60.90 and 120 kg N/ha) supplied with unifofm 
dose of 30kg/ha each of K and P on fibre content and yield charactenstics Effects of N and of its interaction with cultrvan (NxCv), as 
also cultivar difTerences, were found to be significant on fibre content/ plant, capsules/plant, seeds/capsule, seed yield, biological yield, 
harvest index and oil yield However, a non-significant effect was observed on 1,000-secd weight and oil percentage Application of 90 
kg N/ha proved best for all characters in Neelam and Shubhra Neelam grown with 90 kg N/ha produced 131.186 and 111% more seed, 
biological and oil yield respectively than Ganma raised with no-nitrogen control, which had the lowest values 
Key Words: Linum usiiatusimum cultivars, N application, fibre content, yield attributes 
Linseed is an important oilseed mainly for its 
industrial value Its oil is rarely used for edible 
purposes (Hill, 1952). It also yields good quality fibre 
used in the manufacture of strong twines, canvas, 
dans, coating and shirtings. The woody matter com-
bined with the short fibres left after fibre extraction is 
capable of being converted into useful pulp for paper 
manufacture (Samba Murty and Subrahmanyam, 1989). 
However, its cultivation has been generally neglected 
in India. Due to inadequate use of fertilisers together 
with unavailability of high yielding vaiieties, the 
productivity of linseed is far from satisfactory. It is, 
therefore, highly desirable to analyse the yield perfor-
mance of newly released cultivars of linseed subjected 
to different levels of nutrients. The present study deals 
with the effect of graded levels of nitrogen on yield 
performance of four new cultivars of linseed 
MATERIALS AND METHODS 
A field experiment was conducted on four newly 
released cultivars of Unseed {Linum usitatissimum 
L.), namely Garima, Mukta, Neelara and Shubhra, at 
University Farm of the Aligarh Muslim University, 
Aligarh. The soil received five graded levels of nitro-
gen (N), viz., 0,30,60,90 and 120 kg N/ha, alongwith 
a uniform dose of 30kg/ha each of phosphorus (P) and 
potassium (K) One half of N and fiill P and K were 
applied at the time of sowing and the remainmg N, at 
50 days after sowing The sources of N, P and K were 
urea, monocalcium superphosphate and muriate of 
potash respectively. The size of each expenmental 
plot was 10 sq m. The soil of the field was sandy loam 
in texture and having pH (1:2)-7.7. EC (1:2)^).'46 dS/ 
m and available N, P and K -159, 11 and 290 kg/ha 
respectively. The design of the experiment was facto-
rial randomised, with nitrogen treatments comprising 
one variant and cultivars, the other. The crop was 
irrigated as and when required and weeding was un-
dertaken twice. At harvest, random sampling of three 
plants from each plot was done to note fibre content' 
plant, capsules/plant and seeds/capsule. The fibres 
were obtained, according to Hill (1952), by submerg-
ing the stems in water, a process called retting The 
fibres were then completely separated by means of an 
operation known as scutching. To obtain 1,000-seed 
weight, seed yield, biological yield, harvest index, oil 
percentage and oil yield, the entire plot was harvested 
Oil was extracted by Soxhlet apparatus tising petro-
leum ether as solvent. Oil yield was computed on the 
basis of oil percentage and seed yield. The results 
were analysed statistically according to Panse and 
Sukhatme (1985). 
RESULTS AND DISCUSSION 
The data (Table 1) revealed that fibre content/ 
plant, capsules/plant, seeds'capsule, seed yield, bio-
logical yield, harvest index and oil yield varied sig-
nificantly with the dose of K, cultivar and interaction 
CNxCv) of the two. A non-significant effect was, how-
ever noted on 1,000-seed weight and oil percentage. 
Also, cultivar differences for seeds.' capsule and har-
vest index were at par. 
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TiMc I Effiect of N on fibre content and yield charactenstia of four 
cultivara of knsecd (Mew of thtcc replicates). 
Nitrogen CuHivan (Cv) Meat 
treatmenti . 
(kg N/ha) Garima Mukta Nee lam Shubhra 
Table I (Conid ) 
Fibfc cMMcat/planl (g) 
0 621 0«25 
30 
60 
90 
130 
Mean 
0196 
I 2 t 3 
I 366 
1262 
lot? 
0107 
I 3 6 t 
1231 
1290 
1044 
0 767 
1 211 
I 499 
I 133 
I 721 
1 406 
0 719 
1 165 
I 313 
1734 
I 131 
I 401 
CD at 5% N-O 69 Cy-0 0«2 NxCv-O 13) 
0 
30 
60 
90 
120 
i* 
71 
93 
91 
96 
Mean 12 
CD at SS N-4 92 
0 
30 
60 
90 
120 
Mean 
CDatS 
760 
140 
tto 
9 10 
900 
I SI 
N-0 4I 
0 
30 
60 
90 
120 
Mean t 2 l 
CD at SH N-NS 
tot 
110 
I 2 t 
131 
129 
0 
30 
60 
90 
120 
699 
9 41 
12 49 
13 02 
1211 
Mean 10 97 
CD al 3% N - 0 I I 
0 
30 
60 
90 
120 
1110 
26 36 
37 63 
4146 
40 SO 
M«aa 32 79 
CO al S% N-3 65 
56 
67 
90 
93 
91 
CaiMBlci/piaBt 
63 
IS 
114 
131 
125 
69 
I t 
105 
123 
121 
79 104 101 
Cv-4 40 NxCv-9 13 
Secdi/eaptak 
760 
130 
190 
900 
9 10 
t s t 
C v - N i 
I 
106 
114 
I 2 « 
139 
141 
125 
Cv-NS 
7 40 
too 
1 6 0 
9 0 0 
9 20 
7 10 
t 2 0 
190 
9 30 
9 10 
144 153 
NxCv-013 
w c i f k l d ) 
124 1.36 
131 1.19 
I 3 « 131 
154 123 
I t4 1 4 1 
144 139 
NxCv-NS 
Scf« yicM (4/lM) 
7.13 
I 9 « 
13 03 
13.43 
13 65 
7 49 
I I 61 
13 10 
16 14 
15 93 
103 
1141 
14 10 
1596 
13 13 
1014 13 99 13 07 
C v ^ 7 3 NxC»- l 61 
malagkal yicM (%%a) 
1199 30 70 2164 
24 96 33 M 32 41 
4061 43 79 43 6S 
4115 5174 52 67 
43 16 53 34 33 54 
33 73 40 4« 4 1 1 1 
Cv -2 37 N«Cv-5 30 
0702 
1020 
1391 
1541 
1521 
61 
71 
101 
111 
101 
7 43 
123 
110 
9 10 
9 10 
t l 6 
116 
130 
137 
t S I 
741 
10 37 
13 35 
14 39 
14 33 
19 M 
29.37 
4119 
46.91 
47 M 
0 
30 
60 
90 
120 
31 M 
36 10 
33 20 
31 40 
31 to 
Harvest Index (%) 
37 $0 36 20 3710 
35 90 34 30 35 20 
32 00 33 60 32 30 
29 70 3120 30 30 
30 00 29 90 2150 
Mean 34 22 
CD at SS N-2 10 
33 02 
Cv-NS 
33 04 32 6t 
NxCv-4 19 
0 
30 
60 
90 
120 
40 50 
39 60 
3 t30 
3120 
39 10 
OU eoBteat (%) 
39 40 
40 00 
39 20 
Mean 3914 
CD It 5% N-NS 
3130 
39 90 
39 36 
Cv-NS 
39 10 
39 10 
3190 
37 30 
3120 
39.10 
40 20 
39 30 
3160 
39 10 
31 66 39 26 
NxCv-NS 
OU yield (q/ha) 
0 
30 
60 
90 
120 
Mean 
2 15 
3 74 
4 71 
4 97 
4 93 
4 25 
CD at 5S N-0 34 
2 11 
3 54 
506 
4 76 
504 
4 24 
Cv-0 31 
2 93 
5 02 
5 37 
601 
6 23 
5 11 
3 19 
464 
SS4 
6 17 
6 19 
5 15 
37 35 
35 31 
32 71 
30 65 
30 05 
39 53 
39 90 
3193 
3t 10 
39 01 
2 95 
4 24 
5 19 
5 4S 
560 
NxCv-0 70 
N S Non-Significanl 
Application of increasing levels of N up to 90 kg 
N/ha resulted in increased values for all parameters 
(except harvest index), with 120 kg N/ha proving 
ineffective. However, seeds/capsule and oil yield 
obuined from 90 kg N/ha were at par with those fh)m 
60 kg N/ha. improved fibre content/plant by 51%; 
capsules/plant by 42%; seeds/capsule by 11%; seed 
yield by 39%; biological yield by 60% and oil yield 
by 60% over 30 kg N/ha, the recommended dose for 
linseed. Similar beneficial effect of external supply of 
N on yield performance of linseed has also been 
reported by Jain et al. (I9S9), Bassi and Badiyala 
(1992), Patidar and U l (1992) and Mohammad (1994). 
Increase in capsules/plant and seeds/capsule with graded 
levels of N would have culminated in enhanced seed 
yield. This is clearly borne out from correlation stud-
ies as seed yield was found to be significantly and 
positively correlated with capsules/plant (r=+0.980) 
and seeds/capsule (r»+0.876) at p=0.05. A decrease 
io harvest index with increasing levels of N was no-
ticed (liable 1). The reason is not far to seek. Nitrogen 
ftvours the vegetative grovrth of plants (Marschner, 
1986). Thus photosynthates would have been prefer-
ably utilised in vegetative growth rather than repro-
ductive growth. 
Judicious application of nitrogen to four new cultivars 
Cultivar Neelam (equalled by Shubhra) proved 
superior to others. Neelam surpassed Garima (having 
parity with Muktt) in fibre content/plant by 29%, 
capsules/plant by 27%, seed yield by 18%, biological 
yield by 23% and oil yield by 20%. A similar differ-
ence in the response of cultivars was also observed by 
Patidar and Lai (1992) and Singh et al. (1994). The 
differential response of cultivars might be ascribed to 
their specific genetic makeup. 
Interaction of 90 kg N/ha with Neelam (and 
Shubhra) proved best for many characters. This inter-
action enhanced, Ux example, fibre content/plant by 
192%, capsules/plant by 143%, seed yield by 131%, 
biological yield by 186% and oil yield by 111% over 
0kg N/ha X Garima, which gave the lowest values' 
However, Neelam, as well as Shubhra, interacted equally 
well both with 90 kg and 60 kg N/ha for oil yield. Their 
inherent ability to respond better to the lower level of 
nitrogen may be due to the general observation that 
increasing nitrogen application results in decreased 
oil formation (Patidar and Lai, 1992; Mohanunad, 
1994). 
To conclude, it may be emphasised that the high-
est seed yield of linseed cultivars Neelam and Shubhra 
could be obtained by application of 90 kg N/ha to-
gether with 30 kg each of P and K. However, for 
maximum oil yield of these cultivars only 60 kg N/ha 
was found sufficient. 
We are grateful to Prof M.M.R.K. Afridi for 
useful suggestions and to the Chariman, Department 
of Botany, AMU for providing necessary research 
facilities. The award of UGC Senior Research Fellow-
ship to RS is also acknowledged. 
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The Level of Leaf NPK in Nine Varieties of 
Rainfed Mustard 
Rafiullah Siddiqui, Firoz Mohammad and Aqil Ahmad 
Depanmenl ol Boian\ Aligarh Muslim Uni\ersil\ Aligjrh V P 
I \ a field experiment conducted at Alicarh. leaf NPK content at 45. 60 and 75 d 
was determined m nine c\s of rainfed mustard (Alankar. Pusa Bahar. Pusa Barani. 
P\ ' \ l -I6. RH-Kl*^ . Rohini. \'aibha\ and N'aruna) grown with a uniform basal dose of (40 
kg N. 15 kg P and 15 kg Ivlia) \ content was maximum in X'aruna at 45 and 75 d and in 
\'aibha\ at 60 d. Alankar gnmg lowest \alue at all stages P content was highest m Pusa 
Bahar at 4^ d and in \'aibha\ at later stages \'aibha\ had the lowest P content at 45 d and 
Alankar at 60 and 75 d Pusa Bahar and \aruna. being at par. had maximum K content at 
45 d. Pusa Bahar at 6(i d and Rohini at 75 d Minimum K content was noted m Alankar at 
45 d. and in Varuna at 60 d Thus Pusa Bahar. Vaibha\ and \'aruna pro\ed better 
accumulators of NPK 
Oilseeds occup\ an important place all oxer the world Enhancement of oilseeds 
production is. therefore, one of the national priorities and there is no altematne except to 
increase per hectare producti\it> of oilseeds The productiMt> of a crop could be mcreased 
to a considerable extent bx balanced manuring Howe\er. for a \ast countr\ like India, it 
IS imperatne to work out the precise package of farm practices for a gi\en cultnar of a 
crop for each region, as much dnersities are found in soil as well as clmiatic conditions. 
On the other hand, species of a genus, and e\en xarieties of a species, differ under the same 
euMronmental conditions, in their utilisation of inputs, including nutrients (Millikan. 1961. 
E\ans and Sorger. 1%6) 
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As leaf NPK content is supposed to be one of the markers for performance of a 
crop, m a field experiment leaf NPK content at different growth stages was determmed m 
mne cultivars of ramfed mustard grown with uniform basal dose of nutrients 
A field experiment was conducted at the Farm-cum-Botamcal Garden of the Ahgarh 
Muslim Uni\ersit\, Aligarh on newl\-released nine culti\ars (Alankar, Pusa Bahar. Pusa 
Barani. PVM-16. RH-30 RH-819. Rohmi Vaibha\ and Varuna) of mustard (Brassica 
juncea L Czem and Coss) to stud\ the NPK content at three stages of growth m their 
lea\es under ramfed conditions A uniform recommended basal dose of 40 kg N 15 kg P 
and 15 kg K/ha was applied to the soil (texture—sand\ loam. pH 7 8. E C -0 56 d S/m. 
a\ailable N. P and K — 197 21 and 1130 kg/ha) at the time of sowing The sources of N. 
P and K were urea, monocalcium superphosphate and munate of potash, respectn el\ Seed 
rate was 10 kg/ha The design of the expenment was simph randomised The size of plots 
was 10 sq m There were three replicates for each cultivar Five plants were randoml\ 
sampled from each plot at 45 60 and 75 da\s after sowing (DAS) Nitrogen, phosphorus 
were estimated according to Lmdner (1944) and Fiske and Subba Row (1925). respectiveK 
Potassium content was determined b\ flame photometer 
The cultnars of mustard had diflFerent concentration of nutrients at \anous stages 
of stud) (Table 1) The important findings are summansed below 
\aruna showed maximum nitrogen levels at 45 and 75 DAS. giving 29 4 and 19 4 
per cent respectiveK more nitrogen than that of Alankar (showing minimum values at all 
sampling stages) How cv ei at 60 DAS Vaibhav exhibited the maximum content, registering 
43 0 per cent more nitrogen over Alankar (Table 1) 
Phosphorus content was maximum in Pusa Bahar at 45 DAS. being 5 5 per cent 
more than that of Vaibhav which gave the lowest value However at 60 DAS. Vaibhav 
showed the highest content gnmg 26 per cent more value than that of Alankar which gave 
the least value At 7^ DAS RH-^ 0 excelled others and had 26 per cent more content than 
-Alankar which exhibited the least \alue (Table 1) 
Pusa Bahar and Varuna bemg at par gave the highest potassium content at 45 D.\S 
Thev exhibited 36 0 per cent more content than Alankar which recorded the minimum 
value At 60 DAS Pusa Bahar had the maximum content giv mg 25 6 per cent more value 
over Varuna which showed the lowest value However, at 75 DAS Rohini proved the 
highest accumulator possessing 18 6 per cent more content than Alankar which exhibited 
the lowest concentration (Table 1) 
The cuUivars of mustard removed different quantities of nutnents from the soil as 
expressed bv their levels in ths. leaves Pusa Bahar, \aibhav and Varuna excelled in terms 
of nitrogen phosphorus and potassium content as compared with other cuhnars under 
rainfed conditions This ma\ be due to higher soil exploring capacitv of cultivars 
communicated bv the genetic make-up of the plants Our findings are further supported bv 
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Table I: Leaf NPK content in nine varieties of rainfed mustard at various growth 
stages. (Mean of three replicates) 
Varieties 
Alankar 
Pusa Bahar 
Pusa Barani 
PVH-16 
RH-30 
RH-819 
Rohm I 
Vaibha\ 
Vamna 
45 
3 58 
4 83 
411 
4 10 
4 14 
4 15 
4 18 
4 48 
4 53 
Days after sowing 
NITROGEN PERCENTAGE 
S.E 
+ 0129 
+.047 
+ 86 
+ 137 
+0 122 
4 040 
+0 066 
+0 133 
+ 009 
60 
351 
4 12 
4 22 
4 25 
4 09 
4 25 
4 28 
5 02 
4 68 
S.E. 
+0 62 
+0 6 
+ 052 
+0 073 
+0 015 
+0 020 
+0 011 
+0 013 
+ 408 
75 
4 21 
4.34 
4 36 
4 30 
4 50 
4 84 
4 46 
4 83 
5 03 
S.E 
+ 029 
+.040 
+ 004 
+ 009 
+ 062 
+ 052 
+ 669 
+ 081 
+ 136 
PHOSPHORUS PERCENTAGE 
Alankar 
Pusa Bahar 
Pusa Barani 
PVH-16 
RH-38 
RH-819 
Rohim 
Vaibha\ 
Vamna 
.349 
365 
351 
349 
347 
351 
352 
346 
349 
+ 0016 
+ 006 
+ 0021 
+ 0037 
+ 041 
+ 0025 
+ 0028 
+ 0035 
+ 0014 
346 
386 
412 
421 
381 
420 
431 
436 
406 
+ 0062 
+ 049 
+ 087 
+ 036 
+ 0049 
+ 016 
+ 176 
+ 012 
+ 009 
388 
408 
411 
440 
489 
456 
424 
483 
448 
+ 004 
+ 008 
+ 021 
+ 089 
+ 036 
+ 39 
+ 04 
+ 08 
+ 002 
POTASSIOI PERCENTAGE 
Alankar 
Pusa Bahar 
Pusa Barani 
PVH-16 
RH-38 
RH-819 
Rohini 
Vaibhav 
Varuna 
3 30 
4 49 
4 30 
4 39 
4 16 
4 39 
4 28 
4 35 
4 49 
+ 31 
+ 20 
+ 14 
+ 007 
+ 016 
+ 052 
+ 25 
+ 064 
+ 059 
4 57 
5 33 
4 07 
4 48 
4 54 
5 23 
4 79 
4 28 
4 26 
+ 285 
+ 121 
+ 013 
+ 211 
^ 171 
-r 109 
+ 109 
+ 005 
+ 045 
4 28 
4 30 
4 34 
4 39 
4 64 
4 86 
4 98 
4 87 
4 432 
+ 31 
+ 161 
+ 21 
+ 112 
+ 0071 
+ 39 
+ 006 
+ 005 
+ 115 
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the fact that genotypes differ ven considerably in their ability not only in the absorption of 
nutrients but also m their subsequent distribution in various organs (Vose, 1963, Epstein 
and Jeffenes, 1964, Langer, 1966) 
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